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PREFACE

The manual provides technical data and
procedural guidance for the systematic appraisal of
the viability of potential small hydropower addi-
tions. It focuses upon the concepts, technology, and
economic and financial issues unique to small
hydropower additions. The manual, designed to aid
in the performance of reconnaissance studies (3hould
a feasibility study be performed?) and feasibility
studies (should an investment commitment be
made?), was developed for use by public agencies
(federal, state, and local), public and private utilities,
and private investors.

The manual is comprised of six volumes: Technical
Guide, Volume I, overviews the investigation pro-
cess, provides implementation guidance, and docu-
ments case study applications; Economic and Finan-
cial Analysis, Volume II, includes criteria and
procedures for marketing and valuing power output,
determining economic feasibility, and analyzing
financial requirements and issues critical to imple-
mentation; Hydrologic Studies, Volume III, de-
scribes investigations necessary to evaluate the
hydrologic integrity of the existing facility and to
estimate the power potential of the hydropower
addition; Existing Facility Integrity, Volume IV,
provides guidance for assessing the ability of a site to
safely accommodate a power addition; Electrome-
chanical Features, Volume V, describes selection
criteria and performance characteristics of small
hydro generation and ancillary equipment; and Civil
Features, Volume VI, provides preliminary design
and cost guidelines for the civil features of power
additions. A glossary of hydropower terms follows
Volume VI.

The manual preparation was the responsibility of
the Hydrologic Engineering Center, Bill S. Eichert,
Director. The U.S. Army Corps of Engineers
Institute for Water Resources sponsored the manual

preparation as a complementary task to the manage-
ment of the National Hydropower Plan activities for
which they are responsible. The Department of
Energy provided funding support under their small
scale hydro commercialization program. The
preparation of the manual was a joint effort by staff
of the Hydrologic Engineering Center and several
private contractors. Mr. Darryl W. Davis of the
Hydrologic Engineering Center was the principal-
in-charge. The Technical Guide, Volume I, was
written by Mr. Davis aided by Mr. Brian W. Smith
of his staff. The Hydrologic Studies, Volume III, was
written by Mr. Dale R. Burnett of the Hydrologic
Engineering Center aided by his staff. The remain-
ing volumes were prepared under contract to the
Hydrologic Engineering Center. The Economic and
Financial Analysis, Volume II, was prepared by
Development and Resources Corporation, Sacra-
mento, CA. Mr. David C. Auslam, Jr. was the project
manager, Mr. Mark Henwood was the principal
author, and Mr. James Gibbs and Mr. Norman Sturn
served as consultants. Also prepared by Develop-
ment and Resources Corporation was the Great Falls
Hydroelectric Project Case Study, appended to
Volume I, with major technical contributions by Mr.
Clarence Korhonen. The Existing Facility Integrity,
Volume IV, was prepared by W. A. Wdhler &
Associates, Palo Alto, CA. Mr. Forrest W. Gifford
was the project manager and Mr. Clifford S.
Cortright served as a consultant. The Electrome-
chanical Features, Volume V, and the Civil Fea-
tures, Volume VI, were prepared by Tudor Engi-
neering Company, San Francisco, CA. Mr. David C.
Willer was the project manager for both volumes,
and Mr. Donald J. Guild and Mr. Horace E. Burrier
were the principal investigators for Volume V and
Volume VI, respectively. Also prepared by Tudor
Engineering Company was the Rollins Power
Project Case Study, appended to Volume 1.
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SECTION 1
INTRODUCTION AND OVERVIEW

Scope and Purpose of Manual

The recent focus on our national energy resources has
generated significant renewed attention in hydroelectric
power development. In particular, recent investigations
(Federal Power Commission, 1976; Trisco, 1975) that
analyze the undeveloped hydroelectric potential at
existing reservoir sites indicate that detailed studies of
many sites are warranted. An attractive feature of these
sites is that many of the difficulties in developing new
power sites have already been dealt with (eg., an
impoundment exists). Another finding (McDonald,
1977) was that the need exists for updating and refining
analysis data and methods, especially for small power
additions of 15,000 kilowatts or less. This manual, refer-
red to hereafter as the ‘‘guide manual” or simply
“manual’® has been prepared to meet this need.

The guide manual is designed for use by public agen-
cies (federal, state, local, and special districts), public
and private utilities, private investors, and research and
educational institutions. It is a procedural guide that
includes technical data and methods suitable for the
systematic appraisal of potential small hydropower addi-
tions to existing facilities. It focuses upon the concepts,
technology, and economic and financial issues unique to
small hydropower additions.

The manual is comprised of six volumes: Volume I,
“Technical Guide,”” overviews the investigation pro-
cess, provides implementation guidance, and docu-
ments case study applications; Volume II, ‘‘Economic
and Financial Analysis,”” includes criteria and pro-
cedures for marketing and valuing power output, deter-
mining economic feasibility, and analyzing financial
requirements and issues critical to implementation;
Volume 111, “Hydrologic Studies,”” describes investiga-
tions necessary to evaluate the hydrologic integrity of
the dam and to estimate the power output of plant addi-
tions; Volume IV, “Existing Facility Integrity,” pro-
vides guidance for assessing the ability of a site to safely
accommodate a power addition; Volume V,
““Electromechanical Features,” describes selection cri-
teria and performance characteristics of small hydro
generation and ancillary equipment; and Volume VI,
“Civil Features,”” provides preliminary design and cost
guidelines for the civil features of power additions.

A glossary of hydropower terms is included as an
appendix. The terms and definitions were derived from
hydropower industry sources, and textbooks. Where
conflicts and uncertainty in definitions were found, the
prevailing common usage was adopted.

Overview - Guide Manual Volumes

Volume I - Technical Guide. This volume defines
small hydropower and discusses the issues and tech-
nology associated with power additions to existing
impoundments. The volume provides an overview of
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the manual, presents the purpose, concept, and con-
figuration of the manual, and describes the components
of a feasibility study and their interrelationships.
Feasibility investigations are characterized as a con-
tinuum that begins with generalized resource assess-
ments, such as the many resource assessments under-
way across the U.S., and concludes when construction is
initiated. Decision points exist at several critical stages.
The guide manual provides guidance for the reconnais-
sance stage (should a feasibility study be initiated?) and
the feasibility stage (should an implementation commit-
ment be made?) decision points. It is recognized that
subsequent events could alter the implementation deci-
sions; such as undiscovered site problems of integrity,
foundation competence; financing difficulties (prob-
lems in bond marketing for instance); or unfavorable
bid openings. The manual is quite comprehensive and
following its guidance should significantly minimize the
likelihood of unforeseen problems in late implementa-
tion stages.

The volume includes a.description of major task ele-
ments needed to perform the reconnaissance and
feasibility studies. Emphasis is placed on the facts that
the planning studies need to be performed in considera-
ble detail, site specific conditions are important, and
investigation costs must be kept to a minimum. The
contents of the other five volumes are described and
their use conceptually integrated into the analysis pro-
cess.

Included as exhibits to the ‘‘Technical Guide” are
two case studies of existing projects, one from the far
west area that is nearing construction completion and
start up and one from the northeast that is in the licens-
ing stage. The case studies reformulate the two projects
following the data and guidance in the manual and serve
both as a test of the manual and illustrated examples of
manual use.

Volume II - Economic and Financial Analysis. This
volume provides a documented procedure for perform-
ing the economic and financial studies necessary for a
feasibility determination. The three major subjects
covered in the volume are the market analysis, the
economic feasibility determination, and the financial
feasibility determination. The perspectives appropriate
for public and private utilities and private investors are
considered.

The market analysis section discusses the factors
governing marketability of capacity and energy as
related to the unique nature of small hydropower, the
procedure used to determine the energy and capacity
values for small hydropower, and the marketing
arrangements applicable to small hydropower. The
market analysis takes the stance of an owner/project
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sponsor performing the analysis so that the benefits and
costs of the sale of power from a small hydro project can
be evaluated,

The economic feasibility section clearly distinguishes
economic feasibility from financial analysis. Economic
feasibility is defined as positive when project benefits
exceed project costs. Included is a discussion as to the
appropriate perspective of the project evaluations that
are performed, procedures and guidelines for arranging
cost and benefit data, suggested presentation format,
and a description of economic feasibility determination.
Concepts for including cost escalation (e.g., fuel costs)
in the analysis are discussed.

Financial feasibility is defined as positive when it can
be demonstrated that the project can secure the needed
financing for implementation and that the revenue
receipt pattern will provide debt service at a reasonable
rate of return for loans that may be incurred. Included
are procedures and guidelines for revenue and cash flow
analysis, opportunities for innovation in financial and
revenue arrangements with utilities and other energy
institutions, alternative construction financing
possibilities and financial implication of those useful in

small hydropower development, and a description of
financial feasibility determination. The important role of

a financial advisor in project studies is presented.

Volume III - Hydrologic Studies. This volume
describes the studies needed to determine the integrity
of the existing structure during the passage of major
flood events and to determine the capacity and energy
potential at the site. The topics of spillway adequacy,
basic streamflow development methods, and capacity
and energy calculations are discussed in major sections.
The spillway is the safety valve of a dam and is the prim-
ary facility protecting it from failing by overtopping due
to flooding. The current criteria for spillway perfor-
mance as a function of reservoir capacity, dam height,
and vulnerability of downstream areas that has emerged
from dam safety studies by the Corps of Engineers are
described. The hydraulic characteristics of spillways and
outlet works are described and technical references for
analysis procedures included. Flow-exceedance fre-
quency and hydrograph analysis techniques to enable
calculation of the range of events needed for spiliway
evaluation are presented.

The degree to which streamflow records are short,
contain gaps, are poorly recorded, or to which changes
in operating policy have occurred or are possible in the
future, determines the complexity of the task and effort
needed to assemble a representative record.
Reconstruction of a long period of record by simulation
of the hydrologic process and operation of the project is
the most accurate and time consuming analysis tech-
nique, and adaptation of processed synthetic data from
generalized studies such as flow duration curves requir-
ing minimal effort, can be used but could be of poor
quality. The appropriate strategy for a small hydro study
will certainly vary from site to site but is likely to be
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found somewhere between the two extremes. A typical
situation is likely to require the use of one or more sim-
ple approaches initially and the eventual adoption of a
likely representative record for more detailed analysis.

Power analysis procedures including duration curve
analysis, mass inflow curves, low flow frequency, and
sequential period of record routing are described and
examples included. Duration curve analysis is charac-
terized as the least exact but easiest to perform (and
many times is entirely adequate) and sequential period
of record routing as the most accurate (depending on
the quality of the available record) but requiring the
most effort. Computational aids in the form of
references and computer programs are described.

Volume IV - Existing Facility Integrity. The volume
adopts the posture that a prerequisite to serious con-
sideration of a site for a small hydro addition is that it be
capable of meeting current dam safety standards. The
small hydro addition could be expected to make modest
improvements to meet integrity deficiencies but would
not often generate adequate benefits to “‘carry” signifi-
cant remedial work. This observation changes if alterna-
tive financing for safety related remedial work is
separately provided. The integrity volume is designed to
identify early in the feasibility study, any deficiencies
that might exist and thus provide a decision point for
study termination. Guidance for formulating a range of
suitable remedial measures is included.

The volume can by no means provide inexperienced
engineers with the capability to perform definitive safety
studies. The intent is to provide a strategy that will alert
investigators to potential problems. Should the prob-
lems appear critical, the volume recommends terminat-
ing the power addition feasibility study and notifying
appropriate state and federal authorities of the existence
of the identified integrity deficiencies.

The volume classifies and describes the principal dam
types (concrete, masonry, and earth and rockfill) likely
to be encountered in a small hydro addition feasibility
study. The appurtenant works associated with dams
(spillway, outlet works, power plants, locks, and fish
ladders) are described by type and function. The typical
deficiencies and failure modes of dam overtopping,
uncontrolled or excessive seepage, foundation
instability, embankment slope instability, slope protec-
tion deterioration on embankment dams, concrete
deterioration, excessive uplift pressures, spillway/outlet
works failure, and erosion are described and the prin-
cipal mechanism causing the deficiencies are discussed.
Potential adverse effects of power additions are high-
lighted to alert investigators to problems that may be
created by the modification of existing facilities to
accommodate a power plant.

The integrity investigation is outlined as a three
staged process: (1) records collection and examination,
(2) supplemental data collection and analysis to support
conclusions relative to integrity, and (3) formulation of
repair schemes, if they prove necessary, for rehabilita-
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tion work. The elements of each stage and strategies for
their performance are outlined.

Volume V - Electromechanical Features. The
volume defines electromechanical equipment as the
features and systems needed to harness the energy,
both potential and kinetic, available in impounded or
flowing water, to convert it to electrical energy, to con-
trol it, and to transmit it to a regional power grid. The
major equipment items are the hydraulic turbine, the
electric generator, and a switchyard consisting of a
transformer, circuit breaker, and switch gear. Included
are supporting systems which control and protect these
major equipment items. Maintenance facilities such as a
crane for lifting are also included in a broad definition of
electromechanical equipment.

Several domestic and foreign equipment manufac-
turers have historically provided small turbines and are
active in standardizing unit sizes and packaging relative-
ly complete generating sets for marketing. These cur-
rent trends are defined. Relaxing the need for some
control and protection equipment is becoming accepted
as the scaling down to small facilities takes root within
the industry. Simpler low cost governors and similar
items are appearing on the market. Smaller
hydroelectric plants can also be designed with less flow
control than larger plants. The flow of water to most tur-
bines is controlled by a set of wicket gates. These gates
are regulated by signals from the governor to control the

amount of power produced. Where power control is not

needed (many small plants) the gates can be eliminated
and the cost of the turbine reduced by as much as 10
percent.

The volume outlines a procedural strategy for select-
ing and sizing the generating equipment, and includes
description, cost, and performance data for Francis,
Crossflow, Propeller, Tube, Bulb, Slant, and Rim tur-
bines suitable for the range of heads and power outputs
for a small plant. The common indexing parameter used
among data and relationships within the
electromechanical volume is the turbine throat
diameter. This parameter is carried forward to the Civil
Features volume (discussed next) as the indexing
parameter to determine powerhouse layout dimensions
and costs.

A section describing generators suitable for small
hydro is included and data on dimensions and weights
tabulated. Descriptive data, performance curves, and
costs are likewise included for generation control and
protection equipment, and switching, transmission and
miscellaneous equipment.

Volume VI - Civil Features. The civil features of
small hydropower additions are defined as site prepara-
tion works, hydraulic conveyance facilities, and
powerhouse and appurtenant facilities. Site preparation
includes grading, foundation excavation, drainage and
erosion control, access roads and parking facilities, and
construction noise abatement and dust control.
Hydraulic conveyance facilities include penstocks, tun-
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nels, canals, valves and gates, inlet and outlet works,
and tailraces. Powerhouse and appurtenant facilities
include all structures for the powerhouse and equip-
ment handling facilities, foundations for both the
powerhouse and switchyard, and fencing around the
project area.

Civil features can at times comprise a significant com-
ponent of construction cost of small hydro additions.
Since major elements of the site are fixed (e.g.,
embankment, outlet works, spillway) it is important to
approach the layout task with an open and innovative
attitude. The difference between a feasible and infeasi-
ble project may be determined by the cleverness with
which use is made of the existing site arrangement and
features. The civil features differ from those of major
hydropower plants both in scale and in substance. It is
appropriate to design adequate outdoor type plants for
small units and often portable lifting equipment will
suffice for maintenance obviating the need for enclosing
structures and fixed gantry cranes. Protection equip-
ment can likewise often be minimized. Layout gui-
dance, dimensions, and cost functions for the several
categories of civil features are included. Descriptive text
is included to alert the project investigator to circum-
stances in which the generalized relationships that are
included are unreliable and guidance is given for
developing alternative data when necessary.

Cost escalation indicies are included so that the cost
data (cost data in all volumes are in July 1978 dollars) may
be scaled to the base period used for the feasibility
analysis. Both this volume and volume V include cost
summary sheets keyed to the Federal Energy Regulatory
Commission (FERC) account numbers.

Use of Guide Manual

The manual is designed for use by the variety of
organizations and private individuals that might study
small hydropower projects for feasibility. The document
is a guide; not a cookbook. A structure is presented
within which the majority of studies are expected to fall.
A feasibility investigation of sufficient quality to provide
a basis for investment decisions requires the services of
qualified professional engineers.

The technical data of selection criteria and charts,
physical feature layouts, and performance charts are
considered adequate for both reconnaissance and
feasibility studies. The cost charts are expected to be
adequate for the majority (perhaps 80%) of project set-
tings and configurations likely to be encountered. Notes
alerting analysts to special conditions for which the
charts would be less accurate are included. For those
instances, a specific layout, preliminary design and cost
estimate would probably be necessary even at the
feasibility level of study.

The material in the manual should be informative to
those interested in small hydro (e.g., engineers,
administrators, and private enterprenuers). Most of the
material is presented in common narrative terms but
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this should not be construed to suggest that unqualified
individuals can thus perform quality studies. Several
scenarios of use are envisioned. Institutions/organiza-
tions with small technical staffs are expected to find the
manual adequate to guide them in preparation of a
reconnaissance study and then provide an information
base that would be helpful in proceeding to procure the
services of qualified consultants, should the reconnais-
sance finding be positive. Institutions/organizations
with technical staffs not experienced in small

hydropower but experienced in the several technical
areas involved are expected to find the manual helpful
in developing capability to perform the feasibility level
studies, by having available an organized set of material
and guidance (including references) on small hydro.
Institutions/organizations experienced in hydropower
development (but perhaps not small hydro) should find
the manual to be a useful reference that documents
many important concepts and represents a compilation
of the current state-of-the-art in small hydro.

Technical Guide
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SECTION 2
SMALL HYDROPOWER

Definition

Small hydropower projects include installations that
have 15,000 kilowatts (kW) or less capacity. Although
the concept is not limited to additions to existing
impoundments, most activities by federal, state, local
agencies, and private organizations are so focused. This
manual is concerned exclusively with hydropower addi-
tions to existing facilities. ‘‘Small hydro”’ and ‘‘low head
hydro’’ are not synonomous even though the tendency
in public statements and published literature and docu-
ments is to blur the distinction. Small hydro as defined
above has been an informal breaking point used for
various federal and other agency statistical tabulations
and informal communications. The concept has now
been defined by the Public Utility Regulatory Policies
Act (PL 95-617, November 1978) to be 15 megawatts
(MW) for purposes of special handling for licensing,
loans, incentives, and other promotional programs. Pro-
visions of the law specifically related to small hydro are
limited to additions to existing facilities, Low head
hydro is a term associated with a research and develop-
ment program managed by the Department of Energy
that is designed to advance the technology for generat-
ing hydropower from sites with heads of less than 20
meters (66 feet). A large number of the presently iden-
tified small hydro addition sites fall within the low head
criteria. This distinction between small and low head
hydro will be preserved herein for convenience in com-
munication and consistency with existing and emerging
federal and state programs.

The fundamental thesis for small hydro as a concept
(apart from hydropower in general) is that the impacts
of implementation (especially for an addition to an
existing impoundment) are likely to be modest; thus,
projects will be essentially non-controversial so that
simpler license and permit granting programs are
appropriate, and physical facilities can be kept simple
and functional. Implementation will therefore be possi-
ble in relatively short time frames.

Existing and Potential Development

A significant number of existing hydropower installa-
tions in the United States could be classified as small
hydro. Current installed hydropower capacity is near 60
million kW in about 1,400 plants, which results in an
average installed capacity of about 40 MW per plant.
The latest published inventory (Federal Power Com-
mission, 1976) lists 142 plants as having installed
capacities greater than 100 MW. Deducting the sum of
the capacities for plants in excess of 100 MW from the
total results in the average plant size for the remaining
1,260 plants dropping to 12 MW. There are, therefore, a
great number of existing plants that meet the small
hydro criteria. It would seem that the U.S. should have a
considerable body of technology and technical exper-
tise, but on the other hand, the smaller plants tend to be
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older plants and were specifically designed for the site. It
should be noted as well that 385 MW (McDonald,
1977) of hydropower, mostly small plants, have been
retired from service in the last 15 years, a trend that
recent events are likely to reverse.

Initial estimates of power potential at existing non-
hydropower dams indicated that about 30,000 MW and
95 billion kilowatt-hours per year (McDonald, 1977)
exist at several thousand sites. These sites are among
the some 50,000 dams identified in the national dam
inventory prepared by the Corps of Engineers and range
in size from retired small hydro plants in the New Eng-
land area to major federal reclamation projects in the
west. Other potential sites not identified in previous
studies include irrigation canal drops (significant in the
west), municipal water supply delivery systems such as
in Southern California and the North Atlantic, and
waste management systems such as the Chicago tunnel
plan (Gladwell, Warnick, 1978; Macaitis, Schonsett,
1979). An improved resource assessment of small
hydro potential and sites will be generated as a compo-
nent of the Corps of Engineers National Hydroelectric
Power Study activities (Institute for Water Resources,
1979). Preliminary results indicate the gross potential at
existing dams lies in the 6,000 to 10,000 MW range at
upwards of 5,000 sites. Since a significant portion of
small hydro development is likely to have no dependa-
ble capacity, the annual energy potential is a more
meaningful index of the contribution to the nations
energy needs than is capacity. The gross potential
annual energy at existing dams lies in the 18 billion to
25 billion kWh range, which is equivalent to a savings of
80,000 to 140,000 barrels of oil per day.

Analysis of the national dam inventory data (50,000
dams) indicates that about 1/3 of the sites have heads in
the 6 to 20 foot range (considered extremely low in the
“low head”’ literature) and about 2/3 of the dam sites
have intermittent flow (inflow ceases some time during
the year). Also, a number of significant physical,
economic, and institutional obstacles exist that present-
ly inhibit development of a large number of the sites.
The economically attractive sites under present condi-
tions would total significantly less than the 30,000 MW
reported potential, but it is generally agreed that several
hundred sites are likely to be found economically attrac-
tive for immediate development. The cost of fossil fuels
is expected to continue to grow and thus increase the
economic attractiveness of hydropower in general, and
in particular small hydropower, such that within the
next ten years, upwards of 2,000 sites could be con-
sidered as a reasonable count for the number of small
hydro sites warranting serious study for implementa-
tion.
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Implementation Issues

A significant major positive feature of small hydro is
that many of the important environmental issues have
been previously resolved (e.g., the impoundment site
exists and is presently in service). This suggests that it
should be substantially less complex to plan develop-
ments, marshal support, acquire needed permits, and
construct small hydro additions than to develop other
new hydro projects or alternative thermal power genera-
tion plants. The lag time from conception to implemen-
tation could be as little as 3 years (Figure 2-1) compared
to the often 10-15 years for major projects. The current
trend in small hydro is to take advantage of the head and
existing flow release patterns to avoid the environmen-
tal and legal complexities that would ensue from alter-
ing water use, modifying release patterns, and adding
storage (thus increasing pools level). The inferred judg-
ment seems to be that the complexities induced by alter-
ing existing use and release patterns to enable genera-
tion of more power and perhaps development of some
dependable capacity (see glossary for definition) are not
worth the time delays and added implementation com-
plexity that would result. In effect the thrust is “‘let’s
develop what’s presently lost through energy dissipation
structures and get it on line quickly, since we are at least
aiding in meeting near term energy requirements.”’

The belief that there will not be instances of impor-
tant environmental issues is not realistic, however. Any
alteration of the flow pattern and released water quality
will require careful documentation and analysis. Also,
past mitigation omissions will likely be surfaced during
studies and will need to be corrected. A specific case in
point is that fish passage facilities (especially for
anadromous fisheries) are likely to be insisted upon for
sites from which they were omitted in a prior era, and
preliminary indications are that precedents exist to
backup the insistence. Small hydro offers an oppor-
tunity for engineers to provide the leadership early in
project development to identify and formulate solutions
to potential environmental problems. The key point is
to define issues early in investigations so that they may
be included as a normal component of project feature
planning.

Factors Important for Feasibility

Several important issues that can be inferred from the
previous discussion are pertinent to establishing the
conceptual base for the feasibility guide manual. One is
understanding the reasons underlying the major
national attention that is focused on small hydro, an
admittedly small element of the national energy array.
Simply stated they seem to be the national desire to
move to energy independence, the current national con-

cern for resource conservation and use of renewable
resources, the potential for quick results from public
and private efforts (an increasingly rare commodity in
today’s world), and most assuredly, the demand for
nonfirm energy (previously referred to with the tainted
label ““dump energy’’) presently valued in many areas at
15 to upwards of 40 mills per kilowatt-hour as compared
to 1 to 2 mills per kilowatt-hour several years ago.

The greatest potential seems to be at existing sites
with the major civil works already in place. The sites
typically are in non-federal ownership (about one-half
of existing hydropower plants are in non-federal owner-
ship). The sites are often in the low head range (under
20 meters), with a significant number falling in the head
ranges of less than 30 feet. The marketable output will
most often only be energy with little, if any, dependable
capacity. This means the value of small hydro output
will be primarily due to fuel and other operating cost
savings and not due to offsetting the need for new
power plants to supply capacity.

The feasibility of projects is expected to be quite sen-
sitive to site specific conditions. The value of power pro-
duced will not likely support an extensive array of ancill-
ary features such as long transmission lines, access
roads, or significant site preparation. The nature of the
market area load characteristics and present generating
facilities servicing the load are critical elements in valu-
ing power output. Areas served with major fossil fuel
plants, or systems with high operating cost plants
operating at the margin will be more attractive for small
hydro development. A significant issue of project
feasibility is that investigation, design, construction
management, and administration (the non-hardware
elements of a project) are a major project cost burden.
Figure 2-2 schematically illustrates the cost elements in
small hydro projects. Contingencies, which are not
shown, are normally considered as a percentage of all of
the items listed, and range from 10 to 20 percent. The
feasibility study itself is likely to be viewed as a signifi-
cant financial burden warranting an investment type
decision by the project sponsor prior to initiation of the
study.

Small hydro is therefore a unique set of hydroelectric
power developments with potential that exists at a
relatively large number of existing sites that are mostly
in non-federal ownership, primarily of low head, likely
to generate ‘“‘non-essential”> power, and sensitive to site
specific conditions, and will require investigations
whose costs are a significant issue. The guide manual
has been formulated to be responsive to these charac-
teristics and to provide a foundation to encourage
relatively quick, efficient formulation and assessment of
attractive projects.
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MECHANICAL

TURBINE - ELECTRICAL
CiVIL GENERATOR 55 %
FEATURES 39 %

15 %

ENGINEERING
AND LEGAL

20% ACCESSORY
ELECTRICAL

INDIRECTS 30 % EQUIPMENT I11%

INTEREST-DURING
CONSTRUCTION 10%

MISC. POWER
PLANT EQUIPMENT 5 %

MINIMUM CIVIL FEATURES COSTS
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Figure 2-2. Cost elements of small hydro projects. (From Volume VI-Civil Features)
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SECTION 3
PLANNING INVESTIGATIONS

Definitions

Several types of investigations varying in scope,
detail, and intended client are performed to determine

the desirability of public and private implementation of

hydropower proposals. These investigations are usually
referred to as planning studies. The end points of these
studies are relatively easy to define; the formation of an
idea or concept for a project at the beginning, and the

initiation of construction at the end. Varying degrees of

decisions and commitments occur in a continuous sense
but normally are formally adopted at discrete decision
points throughout this period. Government agencies
and private organizations normally have specific steps
(study types) that are standard for their purposes.

The general collective term for most of the pianning

studies performed prior to an implementation decision .

are ‘‘feasibility’’ studies. Other studies take place bet-
ween the implementation decision point and construc-
tion initiation. This guide manual has adopted the stan-
dard sequence of preconstruction studies commonly
followed in private and international practice (United
Nations, 1964) and several Federal agencies. They are
“‘reconnaissance study’’ (should a feasibility study be
performed?), “feasibility study” (should an investment
commitment be made?), and ‘‘definite plan studies”
(the collective group of studies that are performed bet-
ween the time of an implementation commitment and
initiation of construction that result in permit applica-
tions, preparation of marketing agreements and finan-
cial arrangements, determination of design parameters,
etc). Figure 2-1 schematically identified these studies in
the project development and implementation sequence.
The guide manual is designed to aid in the performance
of the reconnaissance and feasibility studies.

The Glossary defines a reconnaissance study as ... “‘a
preliminary feasibility study designed to ascertain
whether a feasibility study is warranted’’ and feasibility
study as ... ‘‘an investigation performed to formulate a
hydropower project and definitively assess its
desirability for implementation.”

Objective of Reconnaissance Study

The performance of a feasibility study can be a signifi-
cant investment in time and resources suggesting that a
decision to proceed with a study should be based on a
finding that a potentially viable project proposal will be
forthcoming. The reconnaissance study is designed to

reduce the chance of a subsequent unfavorable
feasibility finding and maximize the potential for iden-
tifying and meoving forward attractive -projects. The
reconnaissance study is therefore a relatively complete
small scale feasibility investigation in which the issues
expected to be important at the feasibility stage are
raised (the intent is to appraise the critical issues, not
formulate approaches and solutions), and to perform a
first cut economic analysis. A favorable economic
feasibility finding is a strong indicator that further
detailed study (a feasibility study) is warranted subject
to assessment of potentially critical negative issues. The
finding of a reconnaissance study should be either a
positive recommendation to proceed with a feasibility
study and then also include a study plan and method of
accomplishment, or a recommendation to terminate
further investigations. The strategy for performing a
reconnaissance study is first to perform a preliminary
economic analysis and then identify and assess the
issues that may be critical to implementation. Section 4
describes the components that are likely to be important
in a reconnaissance assessment and suggests appropri-
ate levels of work efforts.

Objective of Feasibility Study

The feasibility study is designed to formulate a viable
small hydro project, design an implementation strategy,
and provide the bases for an implementation commit-
ment. The significant legal, institutional, engineering,
environmental, marketing, economic, and financial
aspects are to be defined, investigated, and definitively
assessed in support of an investment decision. The
feasibility study is a decision document that defines and
recommends a course of action. The findings of a
feasibility investigation should be whether or not a com-
mitment to implementation is warranted, and should
the finding be positive, define the steps needed to
assure implemention. A positive economic feasibility
finding is normally necessary for further implementa-
tion to be initiated. However, other concerns can be
equally important in serving the broad public interest
and the feasibility study should be performed in the
modern spirit of wise natural resource management and
multi-objective planning principles. Section 5 provides
strategic guidance on performance of feasibility studies
and suggests appropriate levels of work efforts.

Technical Guide
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SECTION 4
RECONNAISSANCE STUDIES

Reconnaissance Study Tasks

The components identified as important in reconnais-
sance studies are shown on Figure 4-1. The tasks
include those required to perform the economic
feasibility (power potential, value, cost, and site
capabilities) and those that should aid in defining and
assessing critical issues (authority and legal issues, site
issues, facility integrity, and financial and revenue
issues). Subsequent paragraphs briefly discuss the tasks
shown on Figure 4-1. Table 4-1 summarizes the perti-

nent reference sections in the supporting volumes of

this manual.

Plan Reconnaissance Study. The specific scope and
purpose of the study should be defined and needed out-
put products identified. The scope and purpose have
been generally identified in this section of the volume,
but variations in emphasis may exist, depending on
project proponent (private, public) and prior studies
(national, regional screenings), which should be
defined. A study plan should be formulated identifying
the important work tasks (e g., refining the suggestions

of this section). It is suggested that by this point at the
initiation of a reconnaissance study that all volumes of
the guide manual be read by the responsible partici-
pants.

Contact Principal Agencies. This task has been iden-
tified a bit out of context because it would logically be an
element within each of several tasks. However,
activities by various institutions have developed valua-
ble information that is presently, or soon will be, availa-
ble that warranted highlighting in the guide manual.

The U. S. Department of Energy (DOE) has specific
programs designed to encourage -the development of
small hydro. The local regional office (for phone num-
ber see government section of the phone book) can pro-
vide information on up to date activities within that
agency. The Idaho Operations Office, DOE, (550
Second Street, Idaho Falls, Idaho 83401) is the action
office in small hydro and is active in developing an
information referral service and compiling data on small
hydro projects.

TABLE 4-1
RECONNAISSANCE STUDY TASKS*/
MANUAL REFERENCE SECTIONS

Study Tasks Volume
Plan Reconnaissance Study 1
Contact Principal Agencies I
Scope Economic Evaluation 1I
Define Power Potential I

Assess Market Potential I

Estimate Power Output 111
Develop Spillway Hydrology 1
Identify Physical Works V,
Formulate and Cost Project 1
Develop Cost Stream 1
Adopt Power Values I
Develop Power Benefit Stream I
Determine Economic Feasibility I
Identify Critical Issues I
Assess Legal/Institutional Issues 1
Assess Site Issues 1
Assess Facility Integrity v
Assess Financial Issues 11
Document Reconnaissance Findings I

VI

Manual Reference

Section Description

Par. of same title.
Par. of same title.

Early paragraphs.
Fig. 2-2, Vol. V.
Fig. 4-2, Table 4-2.
Par. of Same Title.

N

of same title.
of same title.
Par. of same title.
Par. of same title.
Stage 1 discussion.
Early pages.

Par. of same title.

Par.
Par.

BOWDA R R BRNDWE D~ RWWWDH AR

*Tasks identified are those shown on Figure 4-1 and are discussed in this section.
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Several agencies have performed assessments of the
potential for small hydro in their geographic areas - it is
possible the site under investigation might exist in one
of these inventories. Agencies to contact include state
water (or natural resources agency) offices, regional
river basin commissions, and local offices of the U.S.
Bureau of Reclamation and US. Army Corps of
Engineers. A nationwide hydropower resources assess-
ment has been compiled as a feature of the U.S. Aimy
Corps of Engineers National Hydropower Investigation
(Institute for Water Resources, 1979). All potential
sites that could be identified from reports or are in the
national dam inventory are included in a computerized
inventory that could provide valuable reconnaissance
data. A summary of the file contents has been made
available to the public. The responsible agency is the
Corps of Engineers Institute for Water Resources,
Kingman Building, Ft. Belvoir, VA 22060.

Scope Economic Evaluation. Small hydro projects are
generally single purpose power projects. As such, the
econoinic justification is based on the value of power
that can be generated. If other project features are to be
considered in the economic evaluation such as recrea-
tion, fish and wildlife, etc., they should be defined at
this point and tasks related to their quantification for-
mulated. See Section 4, Volume II for further discus-
sion.

Define Power Potential. The value of power output
from a proposed project, and the appropriate physical
facilities are sensitive to the nature of the power poten-
tial. Is the plant likely to produce only energy or does it
have potential for dependable capacity value as well?
About how much output is likely and what is its
variability? These are information items that are needed
to assess market potential and provide formulation data.
See Section 3, Volume III.

Assess Market Potential. Potential buyers of power
output should be identified so that estimates of the
value of power may be determined. Information impor-
tant to determining the value of power includes: who is
presently generating and selling power in the area, what
types of generating equipment are in operation, and
who are major customers. Purchasers could include
utilities, cooperatives, private industry and other
institutions. See Section 3, Volume II.

Estimate Power Qutput. The value of power output
and the cost of works to produce the power are func-
tions of the magnitude and character of output. Several
project installed capacities should be investigated to
estimate power potential, covering a range of likely
installed capacities. Three potential sizes would seem
appropriate. A mid value of installed capacity chosen to
correspond to the 25% flow-exceedance value is a
reasonable starting point with the other two selected at
say 15% and 35% exceedance values. Computation
methods described as Reconnaissance Sizing Pro-
cedures in Section 3 of Volume HI provide suggested
guidance. The desired product of this task is an ar ray of
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installed capacities and corresponding annual energy
output, indicators of the range of likely output by
seasons and years (high and low flow periods), and an
assessment as to the amount of capacity (if any) that
might be credited as dependable. The head and flow
ranges of the array are likewise needed to size and cost
the power features.

Develop Spillway Hydrology. The flood flows that
must be passed, and the present spillway capability to
pass the flood events of rare occurrences are important
indicators of the integrity of the existing facility. Recon-
naissance estimate methods of flow determination and
spillway performance analysis are contained in Section 4
of Volume 111, particularly early paragraphs of the sec-
tion.

Identify Physical Works. The power generation and
appurtenant works must be suitable to the intended
installation and site. A specific preliminary design is not
required but sufficient formulation to define likely
machine type and possible configurations are needed to
assess site issues, and provide a basis for cost estimates.
Introductory sections of Volume V and Volume VI pro-
vide general information; note particularly Figure 2-2,
Volume V,

Formulate and Cost Project. Cost estimates for con-
struction, site acquisition, operation and maintenance,
and engineering and administration are needed to assess
economic feasibility. To facilitate reconnaissance esti-
mates, the charts contained in Volumes V and VI have
been analyzed to develop the chart and tables contained
in this section. Figure 4-2 provides a basis for estimating
the major share of construction costs for items that are
governed by capacity and head, e.g., turbine, generator,
and supporting electrical/mechanical equipment. The
chart was developed by studying the generator and
powerhouse costs for a variety of turbine types for a
complete set of head/capacity values. The chart is
therefore the locus of least cost points for head/capacity
values shown. The reader is cautioned that this chart is
based on the figures contained in other manual volumes
and least construction cost criteria governed so that site
issues of space and configuration, and generation issues
of performance ranges were not used. The chart should
be adequate, however, for reconnaissance estimates.
Installation of multiple units can be considered using
these charts although the refinement of analysis might
be questionable at this level of study. A recent paper
(O’Brien, George, Purdy, 1979) suggests that multiple
units may be critical to small hydro feasibility because of
the goal of generating as much energy as possible from
the available flow regime. Projects approaching the
upper limits of small hydro capacity (15 MW) probably
warrant using the charts of Volumes V and VI at the
reconnaissance level of study. The remaining compo-
nents needed for preparing construction cost estimates
are included in Table 4-2. Other cost items that may
have surfaced during study of the critical issues (access,
fish passage, integrity, etc.) should be estimated at this
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coupled to a generator either directly or through a speed increaser,
depending on the type turbine used.
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2. Costs include turbine/generator and appurtenant equipment, station
electric equipment, miscellaneous powerplant equipment, powerhouse,
powerhouse excavation, switchyard civil works, an upstream slide
gate, and construction and installation.
3. Costs not included are transmission line, penstock, tailrace con-
struction and switchyard equipment.
4, Cost base July 1978.
5. The transition zone occurs as unit types change due to increased head.
6. For a Multiple Unit powerhouse, additional station equipment costs
are $20,000 + $58,000x(n-i) where n is the total number of units.
7. Data for this figure was obtained from figures and tablies in
Yolumes V and VI, RVD B/80
Figure 4-2. Power features cost - reconnaissance
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stage as well. In the absence of specific estimates for
these additional items, a reconnaissance omissions
allowance of up to 20% would be appropriate. The pro-
ducts of this task should be an array of costs for the
range of installed capacities for which power estimates
were prepared.

Develop Cost Stream. The construction cost values
developed in the previous paragraph need to be
gathered, organized, and arrayed to permit expeditious
performance of the economic feasibility calculations.
The construction costs should be escalated to the study
date. Section 6 of Volume VI presents a strategy for
escalating costs of civil features.

It is recommended that the cost index for “‘struc-
tures’’ be used as a composite value for all construction
items for the reconnaissance cost estimates. Cost esti-
mates are also needed for the nonphysical works cost
items. An allowance for unforeseen contingencies rang-
ing from 10% to 20% should be added to the sum of the

construction costs, the value depending upon a judg-
ment as to the uncertainties. A mid value of 15% for
contingencies is appropriate in the absence of more
detailed analysis. All investigation, management,
engineering and administration costs that are needed to
implement the project and continue its service are
appropriately included in the feasibility determination.
It is suggested that indirect costs for administration,
engineering, interest during construction, etc , of 25%
be added. Total indirect costs to be added will therefore
vary between 35% and 45%.

Adopt Power Values The power values needed are the
value of energy that the project proponent could reasona-
bly expect to receive for the sale of output, and if any
dependable capacity is likely to be present, the value of the
dependable capacity of the project. It is suggested that
reconnaissance values be adopted from values solicited
from the local Federal Energy Regulatory Commission
(FERC) office in the case of potential sale to utilities,

TABLE 4-2 '
MISCELLANEOUS RECONNAISSANCE ESTIMATE COSTS*
(Cost Base July 1978)

PENSTOCK COST

Effective Head (F't) 10 20 50 100 200 300
Cost Index (CI) 1,500 745 295 145 70 50
Installed cost = CI x Penstock Length (ft) x Installed Capacity (MW)
Minimum Penstock Cost is $50 per linear foot. RVD 5/80
TAILRACE COST
Construction Cost = $15,000 fixed plus $200 per linear foot
SWITCHYARD EQUIPMENT COST
(Thousand Dollars)
Plant Transmission Voltage
Capacity 13.8 345 69 115
1 MW 50 60 110 160
3 MW 85 100 120 175
5 MW 110 125 150 210
10 MW 150 170 210 - 280
15 MW 185 220 250 320
TRANSMISSION LINE COST
(Thousand Dollars)
Plant Miles of transmission line
Capacity 1 2 5 10 15
0.5 MW 30 60 150 — —
5 MW 45 80 160 320 500
10 MW 60 100 180 380 600
15 MW 80 140 230 460 700
*Data derived from Volume V (Figures 6-4 and 6-5) and Volume VI (Figure 3-1 and Table 4-2).
Technical Guide 4-5 Vol. 1



muricipal organizations and cocperatives, or be extracted
from existing rate schedules (available from the local
utility office) in the case of potential sale to a private
indusirial buyer. A benchmark value that can often be
used as the minimum value for energy is the fuel replace-
ment cost that is obtainable from the nearest FERC
regional office. A generous value seems appropriate in
light of presently escalating fuel and operations costs.
Generalized power values are expected to be published as
part of the Corps National Hydropower Investigation
(Institute for Water Resources, 1979). Current values
(1979) for energy in the range of 20 to 40 mills per
kilowait-hour are considerable reasonable Section 3,
Volume 1i discusses power valugs in detail

Develop Power Benefit Stream. The power genera-
tion benefits from the proposed project are the sum of
the energy value times the energy production and the
capacity value times the estimated dependable capacity
(if any). In tHe instance of a private purchaser, the
difference in their power bill with and without the pro-
posed project is the benefit. The project benefit stream
is the annuai array of power benefits (plus other project
benefits if determined to be appropriate). Project benefit
streams shouid be prepared for the several installed
capacities under study. See Section 2, Volume 11

Determine Economic Feasibility. Economic
exceeds the siream of cosis. It is suggested that the
Internal Rate of Return method of characterizing proj-
ect feasibility be employed. The Internal Rate of Return
is the discount rate at which the benefits and cosis are
equal, e.g., the discount rate at which the benefit to cost
ratio is unity. This avoids the need at the reconnaissance
stage to adopt a discount rate and thus provides an array
of econoinic feasibility results. See Fconomic Analysis
Cost Needs paragraph of Section 5 for additional com-
merniary on cosis, benefits, discount rates, evaluation
periods, and cost escalation. The analysis should be per-
formed for each of the several installed capacities under
study. The alternative is to compute a benefit cost ratio
using the discount rate that represents the minimum
atiractive rate of return for the project proponent. A
value in the 9% range has been used in many studies for
special disiricts and agencies in the public sector and a
value of 17% in the private sector

An exampie computation and display is included in
Figure 4-3. Should the ouicome of the economic
feasibility test appear uncertain, simple sensitivity
analysis based on the important variables (power
values/fuel cosis, amount of energy/capacity, eic.)

could significantiy coniribute to narrowing the band of

uncertainty. Use of vaiues contained in Table 5-2 of Sec-
tion 5 greatly facilitaies study of the effect of cost and
value escaiation on project feasibility.

Identify Critical Issues. The potentially critical
issues shouid be identified and actions required to
clarify their importance defined. The issues have been
generally identified in this section but important varia-
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tions may exist depending on project proponent, prior
studies, location, etc. The issues that are likely to
emerge ate primarily related to legal and institutional
factors, physical factors focused on the site, integrity of
the existing facilities, and financial and revenue
capabilities.

Assess Legal/institutional Issues. An assessment is
needed at the reconnaissance stage to define the
mechanisms that are likely to be needed to implement a
project (e.g., site ownership, legal authority to develop/
sell power, access to power grids) and to appraise the
actions needed to overcome obstacles, should they
exist. Several studies are nearing completion by the
Depariment of Energy (Brown, 1979) that will aid in
issue definition. The finding required here is whether
and to what degree (qualitatively) impediments to
development exist so they may be planned for in the
feasibility investigation, should the reconnaissance find-
ings prove to be positive.

Assess Site Issues. A site visit should be considered
essential at this stage for (rare exceptions excluded) all
reconnaissance investigations of projects. Sketches and
drawings may be made and/or existing ones verified
defining space for plant siting, terrain and construction
features, access, operational status of facilities, and
other items pertinent to the physical arrangement of the
site, consiruction of the needed works, and transmis-
sion of the power to distribution facilities. The site visit
by responsible professionals should be coordinated to
provide for a reconnaissance stage integrity assessment
as well.

Assess Facility Iniegrity. The integrity of the site to
satisfactorily serve as a power facility and be safe from
failure could be a major issue in power addition pro-
posals for many old existing impoundments. Volume
IV, especially the discussion of Stage 1 investigations
described in Section 3, provides guidance on the needed
assessment. See also previous paragraph entitled Spill-
way Hydrology. The Corps of Engineers (U.S. Army
Corps of Engineers, 1975) has been charged with pre-
paring an inventory of existing dams (estimated at
50,000) and performing preliminary assessments of the
integrity of ceriain sites classified as critical. The local
offices of the Corps of Engineers can provide informa-
tion on the current status of integrity investigations, and
if' a study has been compieted, may provide a copy of the
report. The fact that a facility exists and continues to
function (e.g., has not yet failed) is not conclusive evi-
dence that the dam is safe. The potential impacts of
increased siresses from constructing a powerhouse addi-
tion should be identified and appraised.

Assess Financial Issues. Sufficient funds must be
raised to construct the plant, and adequate flow of
revenues generated to provide for maintaining the plant
in service, retiring loans, and producing a profit to the
developer. The nature of likely financing needs to be
defined, potential marketing and revenue arrangements
described, and perhaps most important at this recon-
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PLANT CHARACTERISTICS:

RUN OF RIVER
Head =90 feet Penstock = 32 feet
Capacity = 8 MW Transmission Line =41 mile @ 34.5 kV
Efficiency = 90% Economic Life = 50 years
Dependable Capacity = 0 MW Evaluation Date = July 1979
Tailrace = 125 feet Average Yearly Energy Generated = 35 x 10° kWh
IMVESTMENT COST: ($1,000)
Turbine, Generator and Civil (Figure ¥-2) 2,150
Additional Station Equipment (Multi-Unit) None Required
Penstock (Table #-2) (175 x 32 x 8) 45
Tailrace (Table #-2) {15,000) + (200 x 1«5} 40
Switchyard Equipment (Table 1-2) (8 MW @ 34.5 kV) i51
Transmission Line (B MW € 1 mile) 54
Dam Rekabilitation (lntegrity) None Required
Other {Access, Fish Passage, Miscellaneous Site Construction) None Required
SUBTOTAL 2,440
Escalation {July 78 to July 79 - Figure 6-1, Vol. VI — Ratio: 2.52/2.28) 2,697
Contingencies at 10%-20% {Used 15%) 405
SUBTOTAL 3,102
Indirect @ 25% 776
TOTAL INVESTMENT COST 3,878
ANNUAL COST: ($1,000)

is a function of discount rate and economic life of a

Annualized investment Cost
Investment Cost by the Capital

project and is computed by multiplying the Total
Recovery Factor for the discount rate and economic life selected. See Table Below

Operation and Maintenance (0&M) Cost = ($20,000 Minimum or 1.5%-4%) (Used 3%) 118
TOTAL ANNUAL COST (Sum of Annualized Investment Cost and 0&M Cost] = See Table Below

BENEFIT ESTIMATE:

Capacity Benefit (Dependable Capacity x Value of Capacity!
Energy Benefit (Average Annual Energy Generated x Value of Energy} =
TOTAL ANNUAL BENEFIT {Sum of Capacity Benefit and Energy Benefit)

None
See Table Below
See Table Below

1 ! .
DI SCOUNT | ANMUALIZED | TOTAL TOTAL
(INTEREST) | CAPITAL  'NVESTMENT | ANNUAL | DREAK EVEN 1 NNUAL NET .1 s/cC
f RECOVERY ‘ L | ENERGY VALUE .| BENEFIT ;
RATE ECOVER coST CoST e e | seneFiTe | BENEEITY) paiof |
(%) ($1,000) ($1,000) ($1,000) ’ !
12 . 12042 467 583 16.7 770 187 1.32
14 .13020 54y 660 18.9 770 110 1.17
16 . 16010 621 737 21.1 770 23 1.04
18 . 18005 698 811 23.3 770 —uy 0.95
20 .20002 775 891 25.5 770 121 0.86
NOTES:

"Capital Recovery Factor x Total lnvestment Cost ($3,878).
*Annualized investment Cost + 0&M Cost ($116).
*Total Annual Cost * Average Annual Energy Generated (35x10°kWn).

*Average Annual Energy Generated {35x10°kWh} x Value of Energy {taken as 22 mills/kWh)
plus the Capacity Benefit (equal to zero for this example).

°Total Annual Benefit {$770) ~ Total Annual Cost.

®Total Annual Benefit ($770) + Total Annual Cost. RVD 11/80
Figure 4-3. Reconnaissance economic feasibility example
Technical Guide 4-7 Vol. 1



INTERNAL RATE OF RETURN:

The Rate of Return on Investment is the
interest rate at which the present worth
of annual benefits equals the present
worth of annual costs (Net Benefits equal
to zero or Benefit/Cost Ratio equal to

unity). The internal Rate of Return is
16.8%.
200
- 1.3
— 1.2
7 100
}—-
— \\\\\\\ -~ 1.1
w o
w o
oS o \\| 1.0
o0 —
- AN
= o~
o] i \\\\\
= 100 1 — 0.9
!
!
-200 | ~ 0.8
12 iy 16 i8 20
DISCOUNT RATE (%)
(Interest Rate)
BREAK EVEN ENERGY VALUE:
A similar alternative return type graph
is presented here based on the concept of
the Break Even Energy Value. This is the
value of energy {mills/kWh) which makes
annual costs equivalent to the annual re-
turn. 1t is determined by dividing the
Average Yearly Generation (kWh) into the
Total Annual Cost ($) for each discount
rate selected as shown in the table above.
At 22 mills/kWh, the Rate of Return is
identical to that derived above.
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($1,000)

Figure 4-3 continued. Reconnaissance economic feasibility example
Technical Guide 4-8
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naissance stage, the probable cost of capital (interest
rate on financing) determined. The early pages of Sec-
tion 6, Volume II provide guidance on defining financial
issues.

Document Reconnaissance Findings. The findings
of the reconnaissance investigation should be docu-
mented for study by responsible authorities (public
officials, boards of directors, private investors, etc.);
supporting studies, facts, and references described and
codified to expedite performance of further studies; and
should the finding be positive, a plan of action for the
next steps outlined for execution by the project propo-
nent. The decision to either proceed with a feasibility
investigation or terminate further serious study of the

potential project concludes the reconnaissance stage of

project investigations,
Time, Cost, and Resources for Reconnaissance
Studies

The time, costs, and manpower resources required to
perform reconnaissance studies for small hydroelectric
power plants will vary depending on expected plant size,

site conditions, specific scope and depth of study, and
availability of information (prior resource assessments
and screening studies).

The paragraph of the above title in Section 5 provides
general guidance on the expected range of costs for
feasibility studies. It concludes that a multiplier of 2.5%
of estimated construction cost is a reasonable value for
planning purposes. Since reconnaissance studies are in
fact mini-feasibility studies, a value of 10% of feasibility
cost seems reasonable. Reconnaissance study costs
should therefore fall in the range of .15% to .3% of esti-
mated construction cost. A reconnaissance study for a 1
MW plant might cost approximately $3,000 (or about
10-15 man-days) and require 15 to 30 days to complete,
and for a 15 MW plant, perhaps $12,000 (45 to 60 man-
days) and require 45 to 90 days. The participating
professionals would likely include civil, mechanical, and
electrical engineers, and power economist for larger pro-
posed projects. Reconnaissance investigations of
smaller projects may require more versatility in fewer
professionals such as an experienced engineer and
economist.

Technical Guide
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SECTION 5§
FEASIBILITY STUDIES

Overview

The tasks identified on Figure 4-1 for reconnaissance
studies are applicable for feasibility investigations as
well. The emphasis changes from the performance of a
preliminary economic analysis and identification of criti-
cal issues to study of the full range of issues necessary to
support decisions. The work sequence will be similar
and the guidance provided in the supporting guide
manual volumes is directly applicable to the component
investigations. This section presents a general strategy
for performing the feasibility study and provides gui-
dance on several topics, the most significant being pro-
ject formulation.

Strategy

The addition of small hydropower generation to an
existing facility is, with few exceptions, a single purpose
project planning task. The overriding objective is to for-
mulate a power addition project that is economically
attractive and consistent with modern concepts of
resource planning and management. Opportunities to
enhance other purposes, such as recreation, water
quality, and fish and wildlife, should be exploited where
possible and where equitable cost sharing arrangements
are feasible. Any adverse impacts must be mitigated in
accordance with existing statutes. The planning should
therefore focus on power addition requirements and
impacts, and accommodate other resource management
issues as they become evident during studies.

The planning strategy adopted by several federal
agencies is conceptuaily suitable to the small hydro
planning task. See for example Planning Process-
Multiobjective Pianning Framework (Corps of Engineers,
1975). The basic thrust is to proceed through several
stages of planning increasing in detail and narrowing in
focus. The feasibility study strategy can be characterized
as successive performance of the tasks shown in Figure
4-1, increasing in specificity on each pass. With no prior
studies, 3 passes (stages) would be likely with the final
two stages perhaps blurred. A prior reconnaissance
study performed as suggested in this manual reduces
the successive passes (stages) to 2 maximum and quite
likely only one (issues identified at the reconnaissance
stage may need no further study). The substantive for-
mulation/evaluation tasks will likely be performed suc-
cessively to explore the range of project opportunities.
Paragraphs following describe the project formulation
activities in more detail.

Project Formulation

The selection of the installed capacity, the number of
units, and the supporting ancillary physical works are
the specific objectives of project formulation. The target
in small hydro project formulation is to develop one or
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more proposals that have the greatest economic value
consistent with the array of constraints that may modify
the attractiveness of a purely economic formulation.
Financial, legal, environmental, and public interest
issues may significantly influence the final proposal or
even prevent a hydro project from being developed.
Performing the project formulation as is suggested
herein in an open style and with sensitivity to the signifi-
cant interfaces depicted on Figure 4-1 should assure that
an economically attractive and acceptable project is pro-
duced by the formulation efforts.

A strategy for performing the power project formulation
is depicted in Figure 5-1. Table 5-1 summarizes the perti-
nent reference sections in the supporting volumes of this
manual The chart is an expansion of the project formula-
tion tasks that were described for reconnaissance studies.
The significant interacting factors in the formulation are
the nature of flow/head availability, the performance
characteristics of the turbine equipment, and the con-
figuration of the powerhouse structure needed to accom-
modate the specific generating equipment. The amount of
energy that can be generated is dependent upon the range
of flow that can be passed thiough the turbine and upon
the head variation. The range of flow that can be utilized is
therefore a function of the installed capacity, type of tur-
bine (operating range and efficiency characteristics), and
the number of units. Each of these variables affects the
size and shape of the powerhouse. The sirategy suggested
in Figure 5-1 is designed to pragmatically accommodate
the set of interacting variables in arriving at the formu-
lated project features.

The straiegy shown progresses through three stages
of project feature sizing and selection. The first stage
(ending with Select Installed Capacity) yields an esti-
mate of the project installed capacity. The second (end-
ing with Select Project Power Features) yields a selec-
tion of the number and type of turbine units, consider-
ing site conditions and trade offs between unit perfor-
mance and energy generated. The final stage (ending
with Refine Power Features) concludes the project for-
mulation for power facilities. Note that information flow
(from other elements of the feasibility study) to specific
formulation tasks occurs as the formulation process pro-
ceeds. Although not shown, it should be evident that
information flow to other than formulation tasks
likewise takes place. The following paragraphs discuss
the tasks in detail.

Initial Tasks. The first several tasks of the formula-
tion strategy are basically repeats of formulation ele-
ments of the reconnaissance study discussed in Section
4. The amount of effort and significance of performance
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of these initial tasks will depend on whether or not a
reconnaissance study was previously performed, the
level of detail of the study, and whether the data that
was used remains current. Note that prior reconnais-
sance findings and early feasibility level information
flow to the tasks and therefore are assumed to provide
the bases for improved estimates. The formulation
benefit criteria or values may reflect, if available, addi-
tional {to reconnaissance) market studies, and the zsti-
mated power output may make use of improved data
{(e.g., adjusted flow-duration data), if available. A range
of project installed capacities should be studied. Selec-
tion of installed capacities near a mid value correspond-
ing to the installed capacity at 25% flow-exceedance
{15%, 25%, and 35%, are good choices) should provide
a reasonable initial array for analysis. Flow-duration
analysis techniques described in Volume III are adequ-
ate at this stage and optimistic turbine performance cri-
teria are appropriate.

The project benefit stream is developed in the same
fashion as the reconnaissance estimates and the project
cost estimate can be prepared using the functions and
procedures presented and discussed in Section 4. Only
costs associated with power features or directly affected
by power features are needed. The capacity selection is
performed by arraying the costs and benefits of each of
the installed capacities investigated, and selecting the
one that yields the highest net present value. Plotting
capacity versus net present value (present worth
benefits minus costs) is a simple and practical means of

arraying the date to define the installed capacity to be
subjected to additional study. Rate of retuin or annual
cost computations could likewise be used to aid in the
selection of the installed capacity.

Subsequent formulation tasks of Figure 5-1 are
designed to develop refined estimates of capacity and
output by progressively considering site conditions and
constraints, turbine performance characteristics, and
flow/head variability.

Formulate Power Features. The objective of this task
is to formulate an array of project features to allow
refinement of estimates of installed capacity, energy
output, and project power costs. Specific site assess-
ments and constraint information should be available
from other concurrent studies and used for this task.
The turbine selection methodology presented in
Volume V provides overview guidance (Figure 2-1) and
supporting charts and data.

Should only a single turbine type appear suitable, the
significant remaining issue is that of the number and
size of the units. More units of lesser capacity will resuit
in higher cost but may be justified if performance
characteristics and flow regime result in significantly
more energy being generated. Several (at least three)
proposals of capacity/number of units should be formu-
lated for additional study. The total installed capacity,
(e.g., sum of the units) of each alternative should most
likely fall near the capacity selected in the previously
completed task (say plus or minus 25%).

TABLE 5-1
PROJECT FORMULATION TASKS*/
MANUAL REFERENCE SECTIONS

Formulation Tasks Volume
Initial Tasks I
Formulate Power Features Vv
Refine Power OQutput Estimate a1
Recompute Benefit Stream I
Cost Project Power Features v, VI
Select Project Power Features I
Perform Sequential Routing m
Refine Power Features and
Performance Characteristics

Finalize Project Costs/Benefits I

I

II
Remaining Tasks I

Manual Reference

Section Description
5 Par. of same title.
2 Figure 2-1.
6
3
ALL
5 Par. of same title.
3
5 Par. of same title.
2,4 Tables 2-1, 4-3
5 Par. ““‘Project Cost
Estimates”’.
3 Par. ““Hydroelectric
Capacity and
Energy”’.
5 Par. of same title.

*Tasks identified are those shown on Figure 5-1 and are discussed in this section.
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If more than a single turbine type seems suitable, and
their performance characteristics are quite similar, the
least costly is likely to be the best selection. If their per-
formances are different (efficiency over operating range
and limits of flow), alternatives for each turbine, and
perhaps alternatives of multiple units, should be formu-
lated for further analysis following the guidance of the
previous paragraph.,

Refine Power Qutput Estimate. A revised set (from
the general data used in the initial tasks) of performance
parameters (weighted efficiency and flow range) are to
be used in computing refined capacity and energy values
for each of the alternatives that were formulated. Flow
duration techniques may continue to be adequate for
this task. The alternative strategy of developing a con-
tinuous record of streamflow and performing sequential
routing may be required for those instances in which
significant water level fluctuations (e g., changing head
on turbines) are in evidence. See Section 6, Volume III
for additional discussion.

Recompute Benefit Streams. Power values or power
benefit criteria specific to the proposed project output
should now be available. Capacity and energy values
based on prevailing alternative power costs are the
appropriate criteria. See Section 3, Volume II. A
preliminary alternative set of values reflecting analysis
of price shift trends should also be available for use
(later) in testing the sensitivity of the project to price
level changes. The power benefit stream for each alter-
native set of power features is computed and arrayed for
further processing as the final output of this task.

Cost Project Power Features. The complete set of

cost estimating charts, tables, and guidelines contained
in Volumes V and VI are applicable. Care should be
taken to make use of site assessment data and con-
straints to assure that the features for which costs are
being estimated are physically feasible and sensible for

the site. The cautions noted on the charts and tables of

Volumes V and VI should be particularly noted so that
specific layout and cost analysis will be performed if war-
ranted. The output from this task is the initial construc-
tion cost, and annual operation, maintenance, repair,
and replacement costs for each alternative set of power
features.

Select Project Power Features. The power features
selection is performed by arraying the cost and benefit
streams for each of the alternative sets of power features
and computing the net value of each. All other con-
straints being equal, the alternative exhibiting the high-
est net value should be selected. If a clear choice is not
evident, reanalysis of the leading candidates using alter-
native power benefit values that include price shifts
(representing for example rising fuel costs) should aid
in narrowing the choice. The one or more (if still close)
alternatives selected should be advanced to the next
step in project formulation analysis.

The remaining tasks shown on Figure 5-1 provide for
finalizing the power features, power output, and cost
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and benefit streams. Should the power output estimates
from the refined sequential analysis not differ signifi-
cantly from the prior estimates, additional refinement in
the power features is unnecessary.

Perform Sequential Power Routing. The power out-
put for use in completing the feasibility analysis should
generally be developed by sequential power routing
studies. If sequential routings were used in the previous
analysis step, this task and the following task may be
omitted. This added refinement assures that important
sequential issues of fluctuating upstream and
downstream water levels and flow passage by the site
and the proper efficiency is selected for the turbine for
partial turbine flows are properly incorporated in the
analysis. Guidance for developing data and performing
the sequential analysis is provided in Section 3 of
Volume III. The sequential analysis should incorporate
the performance (flow and efficiency) characteristics of
the selected generating equipment. The analysis may be
required for one or more of the alternatives that remain
in contention.

Refine Power Features and Performance Charac-
teristics. Sequential power analysis could yield informa-
tion that would suggest refinement of turbine capacity/
performance might be advantageous. Previous duration
curve analysis necessarily required use of a single value
(weighted) for head and a single value (average) for
efficiency. The more complete simulation will accurately
trace the turbine performance and may result in slightly
higher or lower power and energy output estimates. The
degree of variability (say plus or minus 10%) will sug-
gest whether additional power feature refinement is
warranted. The power output values developed at this
stage will provide the basis for initiating development of
power sales agreement should the feasibility findings be
positive.

Although it is possible to perform the sequential
power routing by hand methods, several of the com-
puter programs mentioned in Volume III are available
to public and private requestors and can be used to effi-
ciently perform the analysis.

Finalize Project Cost/Benefits. The feasibility study
findings will normally be presented in complete detail
for the selected alternatives. Additional analysis and
data (over that developed within the project formulation
investigations) are needed to complete the economic
feasibility assessment. If uncertainty has prohibited the
selection of a single alternative, it may be necessary to
present two or at most three alternatives in detail.
Tables 2-1 and 4-3 of Volume II tabulate the categories
of complete information needed for the feasibility
assessment.

Construction cost estimates must be finalized for the
power features and cost estimates for non-power
features, such as integrity corrective actions, environ-
mental enhancement and mitigation, and acquisition of
water rights, lands, easements, and rights-of-way must
be prepared. Studies performed to yield these latter esti-
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mates do not necessarily directly affect the power
features selection and therefore can be performed con-
currently with late stage formulation analysis. The
integrity of the facility could well be adversely affected
by the power features selected and should have been
coordinated when performing the Formulate Power
Features task. See paragraph Economic Analysis Cost
Needs (later in this section) for additional comments on
costs, benefits, discount rates, evaluation period, and
cost escalation.

Project benefit estimates must also be finalized.
Power benefits will be comprised of the product of the
values of capacity and energy concluded from the
marketing analysis and the dependable capacity (if any)
and energy estimates derived from the sequential power
routing analysis. Refinements of credits for dependable
capacity and firm energy (see paragraph Hydroelectric
Capacity and Energy, Section 3, Volume II, for
amplification) should be determined and incorporated
A firm decision as to the incorporation of price escala-
tion in the feasibility assessment is needed. It is sug-
gested that if price escalation concepts are incorporated,
the feasibility assessment also be performed and pre-
sented using price levels in existence at the time of
study completion (e.g., 2 non-escalated project benefit
analysis). Non-power project benefits should be esti-
mated and incorporated as well at this stage. The non-
power benefits that may be included should be carefully
formulated so as to avoid discrediting the economic
analysis. It seems prudent that only benefits that could
be directly attributable to the project features be
included. If a specific category (such as recreation, fish-
eries enhancement, etc.) is significant, a small scale
analysis to separate costs for an incremental justification
may be warranted.

Remaining Tasks. The other important elements of
the feasibility analysis (e.g., financial, special issues,
implementation, documentation) are directly in-
fluenced by the physical space and layout requirements
of the specific power features selected and the resulting
benefits and implementation costs. These assessments
proceeded concurrently with project formulation tasks,
receiving important inputs from the investigations
These other studies are now to be completed following
the finalization of costs and benefits. The detail
appropriate for concluding the remaining feasibility
assessment tasks will depend on the economic feasibility
finding. A positive finding will generally indicate imple-
mentation decision level! detail is needed; a negative
finding should probably result in terminating remaining
studies. If a carefully staged study strategy, as suggested
herein, has been followed, it should be the rare excep-
tion wherein the study has progressed to this point and a
negative finding results

Project Cost Estimates

Time streams of cash flow for both cost and income
items are needed for economic and financial analysis.
Time streams of cost are assembled from estimates of
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construction {(physical facility) cost estimates, recuiring
costs, and indirect costs. Table 5-2 tabulates the array of
cost items commonly needed to provide cost data for
performance of economic and financial analysis. The
following paragraphs discuss these items and suggest a
systematic framework for dealing with cost issues.

Economic Analysis Cost Needs. Economic and
financial analysis have been carefully defined as having
distinctly different purposes, and consequently distinct-
ly different (although very much similar) cost data.
Economic feasibility analysis compares economic costs
with project economic benefits. The comparison is pro-
perly made using a common value base. It is normal
practice that costs and benefits be stated in the value
terms existing at the time of feasibility study eompletion
(e.g., stated in dollar values as of the study year).
Federal government policies have generally also
resulted in fixing price levels for valuing future costs
and benefits in value terms as of the study date as well.
The time frame commonly used for cost/benefit
analysis begins the first year of project operation and
extends through the project economic life. For example:
a feasibility report may be completed in January 1980
(the dollar and price level year) with the project to begin
operation in 1984 (the year the project benefits begin)
and have an economic life extending until 2033 (50
years). The cost/benefit comparison would therefore be
performed for the year 1984 using 1980 dollars and price
levels. Project cost estimates for economic feasibility
analysis using tables and charts presented in July 1978
dollars would be indexed upward to January 1980 dollar
costs for use in the economic analysis. Recurring costs

TABLE 5-2
PROJECT COST ITEMS

Construction
Power and Site Facilities
Electromechanical Features
Civil Features
Facility Integrity Works
Environmental Mitigation/Enhancement Works
Licenses

Site Acquisition/Rental
Existing Works
Lands, Easements, and Rights-of-Way

Recurring
Operation and Maintenance
Repair and Replacement
Water Rights/Use Fee
Headwater Benefits (Federal Power Act)

Indirect
Engineering, Construction Management, and
Other Studies
Interest During Construction
Administration and Management
Insurance
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such as annual operation and maintenance would be
forecast in 1980 dollars considering such issues as
increased equipment needs and facilities age. Similar
adjustment of the expected project benefits to assure
they are likewise stated in 1980 dollars may be required.
The alternative convention often adopted in the private
sector is to state all project costs and benefits in dollar
values as of the initial year of operation (e.g. escalate
cost and benefit value for our example to represent
1984). Since small hydro projects are expected to be
implemented in short time frames, the time and year
statement of dollar values should usually not be critical.

The project evaluation period can vary among project
proponents. Federal agencies often use 100-years, 50-
years, on special occasions, (Corps of Engineers, 1975),
as the evaluation period (economic life). Public agen-
cies, and private as well, often use the expected useful

FERC license period of about 45 years (license period of

50 years less start-up time). Another commonly used
period, most consistent among private investors, is the
Toan repayment period of 30 to 40 years. In the absence

of specific guidance to the contrary, an economic life of

50 years is suggested.

The inclusion of cost and value changes in economic
feasibility analysis must be handled with care. If all
items in the economic comparison are changing at the
same rate, inclusion of these changes in the feasibility
assessment would affect the findings because the cost
and benefit streams are different in time. Careful treat-
ment of real and inflation affected discount rates,
theoretically (Howe, 1971; Hanke et al., 1975), would
result in identical conclusions with and without general
price escalation (inflation) being considered. This is
normally not performed and in practical fact is quite
difficult. The usual result of including cost and value
escalation in projects such as small hydro (large initial
cost followed by a small operation and maintenance
cost, and a long stream of project benefits) is to make
them appear economically more attractive, e.g., benefits
grow with time while costs increase slightly based on
operation and maintenance. The impetus for including
value changes is the conviction that benefits will con-
tinue to rise knowing that some benefit elements are
increasing more rapidly than the general inflation rate,
e.g., fossil fuel. The argument is that ignoring these
value shifts leads to incorrect decisions, ¢.g., the project
may appear infeasible when it should be found to be
feasible.

In principle, a price level change economic analysis
should forecast the change in value of all aspects of the
feasibility assessment, both the cost side and its several
components, and the benefit side (e.g., alternative fuel
costs) and its several components. The cost and benefit
streams are then constructed from these forecasts and
the feasibility assessment performed. An alternative is
to forecast only the relative difference (from the general
inflation trend) for the critical items such as fuel and
construction costs.
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The argument against including price level change ot
general cost escalation in economic feasibility analysis is
that change in price forecasting is fraught with pitfalls
that are both institutionally and technologically depen-
dent. The resulting analyses thus often becomes suspect
and a candidate for subjective manipulation, ie., a
means of justifying projects. This criticism is most often
levied against public projects rather than private invest-
ments. If cost and value change analysis are adopted for
the economic analysis, considerable care should be
taken to rigorously observe the basic principles and to
document the critical value change forecasts.

Table 5-3 has been prepared to aide in computations
that consider escalation of project annual costs and
benefits over the life of the project. The reason for the
caution against indiscriminate use of escalation in
benefit analysis is evident from examination of values in
the table. For example, using a project evaluation period
of 40 years, general escalation rate of 6% and discount
rate of 9% (values commonly used in investment deci-
sions for non-federal public agencies), would result in
multiplying the average annual benefits by 221 In
effect more than doubling the value of the benefits!

Financial Analysis Cost Needs. Financial feasibility
analysis develops the specific cash flow (dollars in and
out of the accounts of the project) characteristics of the
project. The need is therefore to forecast the amount
and timing of cash outflow and revenue income as
accurately as possible. It is common practice for the cash
flow analysis to be constructed for the project imple-
mentation period; the first year of operation often being
critical to project cash reserves. See Section 6, Volume
II. Construction costs are therefore indexed to the
actual date of contract award, interest during construc-
tion added to bring the base to the project initial opera-
tion date, and the revenue stream adjusted based on
anticipated power sale contract provisions for payment
of project output. Recurring costs (operations and main-
tenance) are frequently escalated based on increased
costs to service aging equipment and on anticipated
general cost inflation. Private sector economic analysis
often is very near to a financial cash flow analysis
because of the tendency to classify economic costs as the
cash flow from project accounts and benefits as strictly
contract revenues. In effect the scope of project costs
and benefits are the ‘‘cash> impacts on the private
developer. :

If there were no cost inflation, no borrowing required,
and if project revenues captured all project benefits
exactly, the economic cost and benefit streams for the
economic analysis would be identical to the cost and
revenue cash flow streams for the financial analysis.

Construction Costs. Cost estimating charts and tables
are included in Volume V and VI that encompass vir-
tually all aspects of the civil and electromechanical
features of power additions. The information is pre-
sented in July 1978 dollars and a method for indexing to
future dates is included. Unusual site conditions, use of
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TABLE 5-3

PLANNING PERIOD ESCALATION ADJUSTMENT RATIOS

ESCALATION RATE (%)

2 3 0 5 6 7 8
PLANNING PERIOD - 30 YEARS
1.3%  1.56¢ 1.84 2.17 2.57 3.06 3.66
1.0 1.50 1.73 2.02 2.36 2.78 3.28
1.27 1.44 1.64 1.89 2.18 2.53 2.95
1.24  1.39 1.57 1.77 2.02 2.31 2.66
1.22 1.37 1.53 1.72 1.95 2.22 2.54
1.21  1.3% 1.50 1.68 1.89 2.13 2.42
1.19 1.31 1.8 1.59 1.77 1.98 2.23
1.17 1.27 1.39 1.52 1.68 1.86 2.06
1.15 1.25 1.35 1.47 1.60 1.75 1.93
1.4 1.22 1.32 1.42 1.5% 1.67 1.82
1.13 1.20 1.29 1.38 1.48 1.60 1.73
1.11  1.17  1.23 1.31 1.39 1.47 1.57
PLANNING PERIOD - 40 YEARS
1.6 1.80 2.23 2.80 3.5% 4.52 5.82
1.39 1.67 2.02 2.7 3.06 3.82 4.81
1.33  1.56 1.84 2.20 2.66 3.24 3.99
1.28 1.7 1.70 1.98 2.34 2.79 3.35
1.26 1.43 1.6% 1.8%9 2.21 2.60 3.10
1.24 1.40 1.58 1.8t 2.09 2.4 2.87
1.21  1.3% 1.50 1.68 1.91 2.18 2.51
1.18 1.30 1.u3 1.58 1.76 1.98 2.24
1.16 1.26 1.37 1.50 1.65 1.83 2.04
1.15 1.23 1.33 1.u44 1.57 1.72 1.89
1.13  1.21  1.30 1.39 1.50 1.63 1.77
1.18  1.17 1.2% 1.31 1.39 1.48 1.58
PLANNING PERIOD - 50 YEARS
1.59 2.06 2.71 3.63 4.93 6.77 9.8
1.47 1.84 2.33 3.00 3.93 5.22 7.04
1.38  1.66 2.03 2.51 3.17 4.07 5.30
1.31 1.53 1.80 2.16 2.63 3.25 4.09
1.28 1.47 1.72 2.03 2.42 2.95 3.64
1.26 1.43 1.64 1.91 2.25 2.69 3.27
1.22 1.36 1.53 1.73 1.99 2.31 2.72
1.19 1.30 1.44 1.61 1.81 2.05 2.35
1.16 1.27 1.38 1.52 1.68 1.87 2.10
1.15 1.23 1.3% 1.45 1.58 1.74 1.92
1.13 1.21  1.30 1.40 1.51 1.6% 1.79
1.11  1.17 1.24  1.31 1.39 1.49 1.59
2 3 4 5 6 7 8
ESCALATION RATE (%)
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ADJUSTMENT RATIO EXAMPLE

GIVEN: Annual Energy Generation —10 x10° kWh
Value of Energy —25 mills/kwh
Investment Cost* - $2, 000,000

Annual 0 & M Cost ~$30,000

Growth in Power Value -6% per year
Growth in O & M Cost -4% per year
Discount Rate -9%

Planning Period —30 years

* Already Escalated to Construction
Date Using Cost Indices

NO ESCALATION

ANNUAL COST

Investment = $2. x 10° x0.0973 = $194, 600
0&M = 30,000
TOTAL $224,600

ANNUAL BENEFITS
Energy = 10. x10° x$0.025 = $250,000

ESCALATION CONSIDERED

Ratio (6%, 9%) =1.95
Ratio (4%, 9%) =1.53

ANNUAL COST

Investment = $2. x10° x0.0973 = $194,600
0 &M = $30,000 x1.53 = 45,900
TOTAL $240, 500

ANNUAL BENEFITS
Energy = $250,000 x1.95 = $487,500
REVISED OCTQBER 19789
Vol 1



an existing abandoned powerhouse, refurbishing equip-
ment, etc., could result in the requirement to perform
feasibility layouts and design, computing construction
material quantities, and preparing a specific cost esti-
mate. Prevailing industry cost estimating methods
would be employed (see Case Studies). A common
practice in estimating turbines and generators when
costs are a critical issue, is to solicit preliminary quotes
from equipment suppliers. Care should be taken to
recognize the values as only estimates, not firm price
bids. Supplier lists are included in Volume V.

Cost estimates for facility remedial work (integrity
rehabilitation) are not particularly amendable to
generalization and therefore the feasibility design layout
approach as described above is usually necessary. Gui-
dance on major elements of cost for rehabilitation is
included in Volume IV. Data contained in Volume VI
for gates, valves, and penstocks may be helpful.

Cost estimating guides for environmental enhance-
ment and mitigation works (such as fish hatcheries and
ladders) are not included in this manual. The range of
potential mitigation alternatives prohibits formulation
of generalized data at this time. Specialists in such issues
should be consulted if such features are determined to
be a critical item in project development.

It is common practice to add a contingency to con-
struction costs to allow for uncertainties and minor
ommissions. Contingencies are often in the range of the
10% to 20% depending on project complexity. The con-
struction cost components could each have a separate
contingency applied if warranted. Normally a single con-
tingeny value is applied to the sum.

Several acquisiton/rental fee type costs may need to
be estimated. Land acquisition for siting power and
other features may be required. Temporary and perma-
nent easements and rights-of-way could likewise be
needed.

Recurring Costs. The recurring costs include such
items as operation and maintenance, repairs, replace-
ments, and insurance (for private developers). The dis-
cussion in Section 4 is pertinent and repeated here
“‘Operation and maintenance costs can vary considerab-
ly depending on present staff resources of the project
proponent, the site proximity to other sites, and the
intended degree of on site operation requirements. The
value used should not be less than a base (suggested as
$20,000/year) and may range upwards to 4% if the proj-
ect proponent cannot efficiently integrate the plant into
their work program.”” Specific guidance is contained in
the last section of Volumes V and V1.

Fees may be payable for use of water to generate
power. Private developers at federal sites are likely to be
required to pay an upstream storage fee. FERC also
requires private developers (other than federal) to pay
for any storage and re-regulating of the water supply
above the project, provided that the upstream entity
either holds a FERC license or permit, or is a federal
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agency. This is the so-called ‘‘headwater benefit.”” Other
financial arrangements depending on the owner and
project proponent may be needed. The purpose of the
analysis (economic/financial) and the perspective of the
proponent (federal, public, private) will determine the
need and influence the degree to which the dollar
transfers between the project development parties are
included in project analyses.

Indirect Costs. The discussion in subsection Develop
Cost Stream, Section 4 of this volume, is pertinent and
is repeated here. ‘“‘All investigations, management,
engineering and administrative costs that are needed to
implement the project and continue it in service are
appropriately included in the project feasibility
analysis.”’ These indirect costs may be estimated direct-
ly (e.g., the analysis of the component factors) or
included as a multiplier of the investment costs.
Volumes V and VI suggest a multiplier of 20% of the
total construction cost plus contingencies as a mid
value. A table documenting the elements of this multip-
lier is included in the last section of both volumes.

Licenses, Permits, and Approals

The feasibility report is the primary source of the
information needed to secure the necessary government
approvals to proceed with project implementation A
discussion of these issues is included here to alert proj-
ect investigators to their requirements with the view
that parts of the feasibility investigation may be made to
efficiently serve these information needs as well.

Federal, state and local governments all have certain
requirements that must be satisfied prior to construc-
tion and operation of a hydropower plant. Some agen-
cies within these governments only require notification
while others require specific data about the project and
issue licenses or permits for the construction and opera-
tion of the plant. Realizing that a list of all the local,
state and federal agencies would be difficult if not
impossible to create, a general discussion is provided
about local, state, and federal responsibilities and types
of agencies on the local and state level that are usually
interested in a hydroelectric project. The federal agen-
cies are coordinated for the most part through the
federal licensing process. The Rollins Power Project
case study (Exhibit II) includes a listing of the permits
that were necessary to impiement that project.

State and Local Requirements. States operate in
several different ways. Some states have resources
agencies which are comprised of most of the depart-
ments which need to be contacted. In this case coordina-
tion is generally straight forward. States that have separ-
ate agencies without a main coordination office require
the applicant to contact each office individually to initi-
ate compliance with state regulations. Agencies most
often contacted are listed in Table 5-4. Many of these
state agencies will also be contacted by federal agencies
which have similar responsibilities but on a national
level. Some state agencies may defer comment by point-
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ing out that a federal license is required and they they
will make comments and recommendations on the
application for federal license. If comments are deferred
compliance with state laws still apply and it would be
useful to obtain the laws, regulations, and guidelines the
agency will use to evaluate the application so that these
concerns are addressed in the application. Some of the
major state concerns are water rights, fish and wildlife
habitat, water quality, compliance with environmental
laws, and dam safety

TABLE 5-4
STATE CONTACT AGENCIES

Department of Dam Safety

State Energy Office/Commission
Department of Fish and Game/Wildlife
Flood Control/Reclamation Board
Governor’s Office

State Historical Preservation Officer
Department of Planning and Research
Public Utilities Commission
Resources Agency

Water Quality Control Board
Department of Water Resources
Division/Board of Water Rights

In most instances local governments, county or city
planning department, will be the lead agency with
respect to coordination within the state and compliance
with state environmental laws. They may also have ordi-
nances and laws concerning construction, employment,
road weight limits, and possibly generation, to name a
few, which should be complied with.

Federal Emnergy Regulatory Commission. The
Federal Energy Regulatory Commission (FERC),
Department of Energy, formerly the Federal Power
Commission (FPC), is the lead federal agency and
issues licenses for all non-federal hydroelectric projects
which fall under their jurisdiction (Code of Federal
Regulations, Title 18). Very few projects are exempt
from FERC licensing requirements. Being the lead
federal agency the FERC coordinates all comments on
environmental statements, contacts all other federal
agencies that require coordination, coordinates with the
appropriate state governors offices and agencies, holds
hearings with Administrative Law Judges presiding to
settle legal and jurisdictional disputes, and issues a
federal license for the construction and operation of the
project. Other federal agencies which issue permits or
approval which must be contacted individually are dis-
cussed later in this section.

Projects requiring a FERC license are divided into two
classes based on installed capacity. Minor projects have
an installed capacity of 2000 horsepower (1500 kW) or
less while major projects have an installed capacity of
more than 2000 horsepower. Applications for license
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are submitted directly to the FERC for processing and
approval. Forms, procedures, and requirements for fil-
ing may be obtained from the FERC, Washington, D.C.
office or any of their regional offices (see Exhibit I,
Volume II) . An application for a FERC major license for
an unconstructed project must contain, in general, the
following information:

Applicants name and address.

Applicants business status.

Description of the project (civil features).

Location of the project.

Lands and reservations of the U.S. affected by the

project.

Description of ultimate scheme of development

(electromechanical features).

. Proposed use or market for the power.

Location and capacity of other electric facilities

owned or operated by the applicant

Description of any historical or archeological pro-

perties.

Detailed statement of environmental factors.

Other data which the applicant may consider per-

tinent,

This information is presented in the application in the
form of Exhibits Contents of an application for a minor
license, plants with 2000 horsepower (1500 kW) or less
installed capacity, are similar but do not require as much
detail on most subjects (FERC, 1978) Also applicaticns
for proposed or existing plants at existing impound-
ments have slightly different requirements with respect
to the detail required for some exhibits. In general, use
of an existing impoundment does not create the same
magnitude of environmental impacts as construction of
a dam and new reservoir, thereby reducing the time,
effort, and coordination required to evaluate the project.
Small hydropower developments at existing impound-
ments are included in this last analysis and, therefore,
applications can usually be processed in a shorter
amount of time and with less expense than those proj-
ects proposing construction of a dam and reservoir.

The FERC also issues preliminary permits for proj-
ects of more than 2000 horsepower {1500 kW) installed
capacity for the purpose of enabling the applicant to
secure the data and perform the acts required by law for
filing an application for the issuance of a license (Code
of Federal Regulations, Title 18). The preliminary per-
mit retains the application right of the applicant with
respect to the site so that his application for license may
not be preempted by another applicant’s application. It
would seem prudent for a developer to apply for a
preliminary permit on completion of a positive recon-
naissance study so as to establish his application right.
The maximum duration for which a preliminary permit
may be issued is three years and it may not be renewed.

U.S. Army Corps of Engineers. A permit must be
obtained from the U.S. Army Corps of Engineers (or a
negative determination that no permit is needed) to
locate a structure, excavate, or discharge dredged or fill
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material in waters of the United Siates (Corps of

Engineers, 1977) . Since most hydroelectric power
plants are located in or adjacent to a river and require
excavation, a permit must be obtained. The reference,
U.S. Army Corps of Engineers Pamphlet (EP) 1145-2-
1, provides the procedure for filing and the require-
ments for a permit. To initiate the process, contact the
District Engineer who has jurisdiction over the area
where the structure will be built. Request a copy of EP
1145-2-1, an application form (ENG Form 4345), and
any special instructions that may not be furnished in the
pamphlet.

The permit investigation process requires furnishing a
detailed description of the location and nature of the
proposed activity, including the purpose, use, type of
structures, types of vessels (if any) that will use the
facility, facilities for handling wastes, and the type, com-
position, and quantity of dredged or fill material.

Other Federal Agencies. Several other federal agen-
cies become involved at the time of project implementa-
tion. Radio communication permits (for remote opera-
tion) are required by the Federal Communications
Commission and construction that might obstruct
airspace (transmission towers) must be reported to the
Federal Aviation Administration. A Water Quality Cer-
tificate issued in accordance with Section 401 of the
Federal Water Poliution Control Act is generally
required. State organizations such as Regional Water
Quality Boards are normally the administering agency.

Time, Cost, and Resources for Feasibility Studies

The time, cost, and manpower resources required to
perform feasiblity studies for small hydroelectric power
plant additions varies depending on expected plant size,
site conditions, specific scope and depth of study, and
availabiiity of information (basic data and prior recon-
naissance assessment). Each of the five support manual

volumes provides general guidance on this topic in their
respective subject areas. The following paragraphs dis-
cuss the range of costs and resources that are likely to be
needed for the studies as a whole. The unique charac-
teristics of each project should, however, be evaluated
in scheduling use of in-house personnel or in procuring
professional services for specific feasibility investiga-
tions.

The American Society of Civil Engineers has pub-
lished general guidelines for the performance of
engineering services {ASCE, 1972). The guidelines sug-
gest that professional services for projects in the small
hydro category may cost from 6% to 10% as a proportion
of construction cost. ‘‘Preliminary Phase’ studies
(those prior to final design) may require up to 40% of
the basic compensation yielding total preliminary phase
professional services costs of 2.5% to 4.0% of construc-
tion cost. Feasibility studies are generally acknowledged
as comprising 1/3 to 1/2 of “‘Preliminary Phase’’ costs.
Noting that marketing, financial, and increased special
studies needed for the feasibility study are likely, the
range of 1.5% to 3% of estimated construction cost
seems appropriate.

Using 2.5% as a conservative estimate, feasibility
study costs could range from $25,000 (80 to 110 man-
days) for a 1 MW plant to $150,000 (600 to 750 man-
days) for the larger plants. The time required to perform
the feasibility study could range from 60 days for the
small, relatively simple power addition to upwards of 4
to 9 months for larger more complex projects.

The participating professionals include civil, electri-
¢cal, and mechanical engineers, power economists, and
especially for private proponent projects, the services of
financial specialists. Projects that significantly alter the
flow regime or physical environment will likely need the
services of water quality and fish and wildlife specialists.

Technical Guide
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SECTION 1
INTRODUCTION

This case study describes the feasibility investigation
of the Great Falls Hydroelectric Project, located in and
owned by the City of Paterson, New Jersey. It applies
the methodology for preparing a feasibility study for
small hydro power projects presented in this manual

The project feasibility of the Great Falls project has
already been determined by a feasibility report
(Development and Resources Corporation, 1978) pre-
pared for the City of Paterson. This case study provides
a basis for comvaring the procedures and methods
described in the manual to the results obtained by in-
depth feasibility study.

Overview of Findings

The following overview of the feasibility case study
findings are caiegorized according to the five manual
components, foliowed by a summary.

Hydrologic Studies. The hydrologic studies were
based on daily average flow conditions for the period
1950-1960. These 10 years of data were assumed to be
representative of the longer data period available for the
period 1897-1976. The daily records for the 10-year
representative period were used to simulate runoff and
calculate the resulting potential energy production of
between 22.1 million kWh and 32.3 million kWh on an
annual basis with an installed capacity of between 5,100
kW and 7,875 kW.

Existing Facility Integrity. The Great Falls dam was
built in the period 1838-1840 of large blocks of masonry
stone with a total length of 315 feet and a height varying
from 8 to 15 feet, and is of the gravity overflow design
type. Field inspection of the dam showed there is signifi-
cant deterioration and erosion of the existing stone
masonry section to the point where about 10 percent of
the stone section requires replacement. Several alterna-
tives were examined in lieu of restoration of the dam
and restoration of existing structure was chosen for
historical reasons. The total cost of $1,056,700 was close
to other alternatives. The powerhouse and appurtenant
structures were found to be in good condition and couid
be utilized for the project after being refurbished.

Electromechanical Equipment. This investigation
studied 17 alternatives involving four manufacturers of
hydroturbine equipment. Of the 17, four were chosen
for detailed comparisons as alternatives and are pre-
sented in this case study. The four manufacturers con-
sidered were Allis-Chalmers, Leffel, Ossberger, and
Tampella. The estimated installed equipment costs in
1978 ranged from $2,933,850 to $5,074,100. It was
determined that only after firm bids for turbine and
generation equipment, guaranteed performance data,
delivery times, and complete dimensional data had been
obtained, could the final equipment selection be made.
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Civil Features. The total costs of the civil works for
this project, not including the dam restoration cost,
were estimated at between $639,200 to $976,200, repre-
senting the four alternatives analyzed in the case study.
These costs represent an average of 21 percent of the
total project costs. This is consistent with the range of
civil feature costs identified on Figure 1-1 of Volume 4
of the manual which placed the minimum civil features
costs at 15 percent and the maximum at 45 percent.

Economic and Financial Analysis. The financing
required to construct the project would vary from be-
tween 5.9 and 7.9 million dollars. This further breaks
down into a first year (1981) annual cost ranging be-
tween $607,000 and $808,000 which includes debt
amortization based on a 40-year project life, seven per-
cent interest money, annual operating costs, and repair
and replacement costs. The corresponding value of the
energy produced would range from between $726,000
and $962,000 on an average production basis for the
first year of operation

The cost of service in 1981 dollars (the first year of
project operation) would vary from 21 to 25 mills per
kilowatt hour. This compares to a value of energy of
around three cents per kilowatt hour in 1981, based on
the energy generated at the Great Falls site replacing the
fuel costs for oil fired generations.

Summary. The results of the feasibility study show
that installed capacities between 5,400 and 10,500
kilowatts are possible for new equipment and that with
the rehabilitation and upgrading of existing turbine and
generation equipment 5,100 kilowatts could be realized.
The average annual production would range between
22,000,000 and 37,000,000 kWh. The project would be
run-of-the river. The feasibility study includes 17 alter-
natives, while this case selected four alternatives to
cover the range of turbine equipment.

Project Description

The Great Falls Hydroelectric Project is located in the
City of Paterson, New Jersey. The location of the exist-
ing powerhouse and diversion dam is indicated on
Figure 1-1. The drainage area above the project site as
measured at Little Falls is 762 square miles. The mean
annual flow is 730 cubic feet per second. The facilities
that make up the Great Falls Hydroelectric Generating
Facility consist of a masonry stone diversion dam, con-
crete intake and forebay structure, gated concrete con-
trol structure, steel-lined penstocks, and powerhouse
constructed of concrete and brick. The powerhouse is
located immediately downstream of Great Falls, a
natural rock barrier created by a massive basalt sill.

The site is owned by the City of Paterson, New
Jersey, and has significant historical importance. The
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water power from the site was developed as early as
1794 through a series of three raceways which promoted
the establishment of many manufacturing plants. In
1912, waterwheels gave way to a hydroelectric plant. In
1914, the plant was completed and conversion to electri-
cal power was begun by the mills in the area. The plant
was decommissioned in 1969 after it was determined
that the facilities were in need of major repairs. The
raceways are still used in a limited way for water supply
and for processing water for manufacturers.

In 1971, Congress declared the Great Falls site a
National Historical Landmark and the City has since
created a park in the area surrounding the Falls. The
view of the Great Falls, located below the diversion
dam, is considered to be a tourist attraction and release
of approximately 200 cfs of water during the low flow
summer months is required to maintain the Falls
aesthetic appearance.

The project qualifies for a tax-exempt status since the
total financing required is less than $10 million. This
tax-exempt status has had some impact on the
economic feasibility of the project.

A license to construct and operate the project has

been filed with the Federal Energy Regulatory Commis-
sion (FERC) and is under review as of January 1979.

Project Formulation and Case Study Data

In August 1978 the Department of Community
Development of the City of Paterson authorized consul-
tant services for the preparation of a feasibility study for
reactivating hydroelectric power at the Great Falls site.
Earlier, in 1976, a reconnaissarice level study was made
that addressed itself to the Restoration of the Diversion
Dam and Power Plant for the Great Falls Historic Dis-
trict. This previous study, coupled with data contained
in the Passaic River Survey Report for Water Resource
Development (U.S. Army Corps of Engineers, 1971)
and the Flood Insurance Study of the Passaic River
(U.S. Department of Housing and Urban Development,
Federal Insurance Administration, 1975), as well as
independent data collection, served as the basis for the
case study.

The data and information presented in past reports
have been put into the analysis framework as presented
in the manual and all results were recalculated then
compared.

Technical Guide
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SECTION 2
HYDROLOGIC STUDIES

This section describes studies performed to deter-
mine the adequacy of the facility to pass flood flows and
to calculate energy production at the site. Uses of the
guidelines contained in Volume III of the manual are
indicated.

Passage of Flood Flows

Data. Adequate daily flow records are available for
the Passaic River to allow flood frequency analyses to be
performed. USGS daily average flow records are availa-
ble for the Passaic River gage (USGS 01389500) from
1897 through 1976.

Topographic maps and river cross sections from the
New Jersey State Riparian Streams and Waterways
Survey of 1935 were used in assessing river hydraulics.
Previous studies were utilized to obtain information on
Passaic River flood flows and water surface profiles
(US. Army Corps of Engineers, 1971) (U.S. Depart-
ment of Housing and Urban Development, Flood
Insurance Administration, 1975).

Flood Flow and Water Surface Elevation. Flood dis-
charge frequency relationships included in the Passaic
River Survey Report were used to establish the design
flood flow of 23,500 cfs for an average return period of
100 years. The 100-year flood event provides a water
surface elevation at the diversion dam that produces a
loading condition appropriate for analysis of the dam’s
structural integrity under flood flow conditions. This
report used the log-Pearson Type III distribution to
establish the peak flow-exceedance interval relation-
ship, as is recommend=d in Volume III of the manual.

River cross sections and the hydraulic characteristics
of the current overflow dam structure were used to
calculate headwater and tailwater rating curves. Some
upstream flooding occurs for the 100-year flood event.

Analysis showed that the current overflow diversion
structure is capable of passing the selected design flow
The structural integrity of the dam under flood condi-
tions is examined in the Integrity Section. An analysis
was also made to determine the flooding limits that
would result from a breaching of the diversion dam.
Results show that no downstream flooding would be
caused by a dam breach.

One of the dam options considered was construction
of a new concrete dam just downstream from the exist-
ing dam with a higher crest elevation of 120 feet. The
structure was designed with gates so it would be
hydraulically equivalent to the current structure. The
required gate structure would be approximately 150 feet
long and 10 feet high. This option has not been ruled
out but for the purposes of this case study only repair of
the existing structure was considered

Technical Guide

Power Production

Power production for all options was computed on a
detailed level by sequential power routing using daily
flow records and a detailed model of power generation.
The simulation accounted for turbine and other equip-
ment efficiencies, net head available to the turbines,
multiple turbine scheduling, and scenic diversion over
Great Falls in the surnmer months. Sequential power
routing is the technique recommended in Volume III of
the manual for use during the feasibility level investiga-
tion when the increased accuracy over flow-duration
analysis is desirable.

Data and Assumptions After examining the histori-
cal record from 1897-1976, project power output was
calculated using the records for water years 1950-1960, a
representative decade. The project was simulated as a run-
of-the-river project because of the very small amount of
working storage available. Consequently, flow was used as
it occurred at the gage. Daily average flow was used since
monthly average flows would tend to overstate power pro-
duction in this case. The Passaic River has a fairly large
flow variation, particularly in the fall and spring. To
preserve the scenic value of Great Falls during the low
flow months, 200 cfs for the hours between 10:00 a.m.
and 8:00 p.m. during June, July, and August were plan-
ned for direction over the Falls, thus bypassing the
powerhouse. Headwater and tailwater rating curves
developed from river cross sections were used in calculat-
ing the net head availability to the turbines. All the
options considered use of multi-turbines.

The turbine efficiencies were supplied by the
manufacturers as a function of the specified flow and
head availability. See Section V for a detailed com-
parison of turbine efficiencies. Other efficiencies and
losses were used as shown below:

ftem Percent Loss
Single stage speed increaser 2.5
Double stage speed increaser 4.0
Generators over 1000 kW 5.0
Step-up transformers 2.0
Forced outages 3.0

Results. Energy production for the four options con-
sidered are shown on Figure 2-1. Also shown is the
minimum energy production as a percentage of average
annual production. These results show that on an
annual basis substantial fluctuation occurs in energy
production. For planning purposes, a worst case analysis
was based on energy production at no more than 65 per-
cent of average.

Vol. 1
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Figure 2-1. Energy Production

ENERGY PRODUCTION FOR FOUR ALTERNATIVES

-

Alternative 1 Alternative 2 Alternative 3 Alternative 4
Rehabilitation New Horiz. Runners Cross Flow Tube Turbines =
(Allis-Chalmer s) (Leifel) (Ossberger) (Tampella)
Annual Energy Production
Assumed Installed Capacity (kw) 5,100 7,500 6,800 7,875
Average {Millions of kwh) 24,4 30.8 27.9 32.3
Maximum 34,2 45,2 40,3 47.6
Minimum 17.1 20.1 18.7 21.0
Plant Factor (%) & 56% 49%, 51% 48%
Minimum Froduction as %
of Average 70% 65% 67% 65%

1/ Based on actual production and maximum possible production after accounting for all losses

except forced outages.
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The analysis allowed monthly average energy produc-
tion to be compared for different sized installations.
Figure 2-1 displays these results for three different
installed capacities. As shown, additional capacity adds
little to summer energy production.

The use of daily flow also determines whether periods

of non-generation occurred. For all of the options con-
sidered, extended periods of no production occur in the
summer and, to a lesser extent, in spring and fall
months. Consequently, the project has no firm capacity
or energy and is strictly run-of-the-river.

Technical Guide
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SECTION 3
INTEGRITY ASSESSMENT

This section describes the investigation performed to
assess the structural integrity of the existing diversion
dam and to estimate the cost of rehabilitation of the
dam. The lack of engineering records showing the diver-
sion dam’s dimensions or methods of construction
required making the following assumptions in assessing
the dam’s structural integrity:

1. Assuming a representative cross section based
on field observations and experience gained on similar
structures.

2. Assuming the strength parameters of the dam’s
foundation based on a reconnaissance level engineering
geologic investigation and engineering experience.

3. Assuming the strength properties of the granite
stone building material for the dam and the cement
mortar used to bond the granite stone together

Loading Criteria

Loading criteria for use in analyzing the dam’s struc-
tural integrity were developed from the 79 years of daily
flow records for the Passaic River at the dam site. Flow
frequency curves developed by use of the log-Pearson
Type 11 analysis were used to establish the expected
flow for a given frequency storm event. This informa-
tion, when combined with the developed diversion
dam’s headwater and tailwater rating curves, allowed
selection of appropriate water surface elevations for use
in establishing the loading cases.

The design and loading criteria adopted to assess the
dam’s structural adequacy were based on three cases.
These were 1) normal operating conditions, 2) normal
flow conditions with .1 g horizontal seismic loading, and

3) flood conditions with the flow being increased from a
normal 200 cfs to 23,500 cfs. The adopted criteria
follows guidelines as suggested in Section 3, Volume 4
of the manual.

Results
Table 3-1 displays the results of the evaluation of the

*dam’s structural integrity.

These results show that the existing dam has factors
of safety below those generally regarded as acceptable
for sliding and overturning. Historical records indicate
that the original dam section was anchored ‘“‘to the
rocky bed with powerful clamps of iron.”” The condition
of these ‘“clamps’’ is unknown and to assure the safety
of the restored dam for the full anticipated project life, it
was decided to provide anchorage by means of a con-
crete slab placed on the upstream face of the dam. The
concrete slab would be reinforced and dowelled to the
dam section, and secured to the bedrock by steel
anchors grouted into the foundation.

Restoration Costs

The estimated costs for restoration of the diversion
dam were based on the preliminary designs, estimated
construction quantities, unit costs from cost estimating
guides and costs from other similar projects in the
engineers’ files (Dodge Guide to Public Works and
Heavy Construction Costs, 1978 and Engineering News
Record Quarterly Cost Roundup, 1978). These
reference sources are identified in the manuals. Table 3-
2 displays the estimated costs for restoration of the dam
including contingencies, engineering and administra-
tion.

TABLE 3-1
STRUCTURAL INTEGRITY EVALUATION - DIVERSION DAM

Loading Uplift Sliding Overturning Stresses (psi)
Condition Req’d Actual Req’d Actual *Req’d Actual Toe Heel
Case |
Normal 1.50 2.9 1.50 1 66 20 1.55 21.6 42
Case 2
Seismic 1.25 29 125 0.81 1.5 1.15 299 5.3
Case 3
Flood Flow 1.25 2.2 125 1.16 15 1.15 297 11.4

*The factor of safety against sliding was calculated as
being the difference between the summation of the
horizontal and uplift forces muitiplied by a sliding factor

Technical Guide 1-9

of 0.7 divided by the summation of the Vertical forces
(USBR Design of Small Dams, 1965, p. 240).
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RESTORATION COSTS

TABLE 3-2

Unit
Item Unit Quantity Cost $ Cost $
Cofferdam - first stage LF 400 700 280,000
Cofferdam - second stage LF 400 300 120,000
Dewatering LS 75,000
Excavation - Earth CY 1,800 10 18,000
Concrete - Reinforced CY 275" 200 55,000
Rock Anchors LF 1,500 20 30,000
Reinforcing Steel LBS 40,000 40 16,000
Cofferdam Removal LF 400 50 20,000
Replace Stone CcYy 140 350 49,000
Reconstruct Stone CY 350 250 87,500
Grouting Masonry LS 18,000
Subtotal 768,500
Contingencies at 25% 192,125
Subtotal 960,625
Engineering and Administration at 10% 96,000
TOTAL 1,056,700

Technical Guide
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SECTION 4
CIVIL FEATURES

This section describes and estimates the cost of the
project civil works, excluding the dam, which is pre-
sented in the Integrity Section. The Great Falls site has
been designated a National Historic Landmark and has
certain features and facilities that have been maintained
and are suitable for use without additional repair or rep-
lacement. In addition, by having the site declared a
National Historic Landmark, reuse of the site and
facilities carries with it the responsibility of maintaining
the exterior appearance of the existing facilities in an
““as is”’ condition.

The civil features of the Great Falls Hydroelectric
Project fall into the following categories in accordance

with suggested guidelines contained in Volume VI of

the manual, Section 1. These ars: site preparation,
hydraulic conveyance facilities, and powerhouse and
appurtenant facilities.

The powerhouse configuration is fixed and therefore
the turbine generator equipment selected was based on
its being compatible with the existing powerhouse
space.

Figure 1-3, Volume VI, graphically displays the steps
that should be followed in determining the civil costs for
a potential hydroelectric power project. Volume VI does
not cover the civil costs associated with repair and
rehabilitation or alteration of the impounding or diver-
sion structure. This is covered in Volume IV of the
manual. This is a civil cost and must be included to
arrive at a total civil cost. In the following estimates, the
steps in Figure 1-3, Volume VI, are followed where
applicable.

Site Preparation

Since the site now has adequate parking, access, and
drainage control, no site preparation costs are included.

Hydraulic Conveyance Facilities

These facilities include:
1. Repair of forebay, gatehouse and penstock inlet
2. Replacement of penstocks
3. Replacement of draft tubes, repair of tailrace,
and installation of draft tube bulkheads
4, Cofferdamming

Forebay, Gatehouse and Penstock Inlet. Due to
standing water in the forebay area, it was necessary to
estimate the extent of repairs that will be required to the
forebay intake structure as well as the forebay walls and
penstock inlet gate structure. This estimate was based
on visual observation, use of engineering drawings,
engineering experience, use of vendor supplied esti-
mates, and engineering calculations. It is important that
on-site inspections and evaluations be made to comple-
ment any office calculations.

Technical Guide

Cofferdamming. In order to perform repairs or
undertake new construction in the dry, it is necessary
that the work area be in a dewatered condition.
Therefore, cofferdamming will be required to insure
that the work area from the forebay inlet to the tailrace
outlet be maintained in a dewatered condition. Coffer-
damming cost estimates were developed from engineer-
ing experience on similar projects and use of cost
estimating guides such as Dodge and Engineering News
Record.

Penstocks. The existing steel riveted penstocks have
deteriorated to the point where replacement is required.
This was determined by site inspections and from dis-
cussions with personnel familiar with the plant’s condi-
tion when it was in operation. Therefore, new penstocks
will have to be fabricated, the old penstocks removed,
and the new ones installed. The estimated cost for
installing new penstocks was compared with the cost as
determined by the use of Figure 3-1 in Volume VI

In the case of the Great Falls power plant, costs in
addition to those obtained by use of Figure 3-1 need to
be included. These additional costs consist of removal of
the existing penstocks and use of a higher unit price for
the steel due to its special fabrication There are four
penstocks, each 8 feet 6 inches in diameter, and approx-
imately 60 feet long

Draft Tubes, Tailrace, Draft Tube Bulkheads. The
amount of remedial or new construction work required
is dependent on the type of turbine selected. Section 5
covering the Electromechanical Features presents the
types of turbines investigated.

For the Allis-Chalmers and Leffel alternatives the
draft tubes will require replacement; whereas the
Ossberger and Tampella alternatives are complete
packages which include the draft tube. The costs for the
draft tube replacement alternatives were estimated by
use of cost estimating guides (Dodge Guide to Public
Works and Heavy Construction Costs, 1978 and
Engineering News Record Quarterly Cost Roundup,
1978), engineering experience, and cost information in
the engineers’ files.

Bulkheads will be required at the discharge end of the
powerhouse. Cost for the bulkheads was estimated from
costs for similar facilities designed by the engineer.

Powerhouse and Appurtenant Facilities

The powerhouse and appurtenant facilities include:
1. Repair of water supply and sanitary facilities
2. Repair and replacement of broken windows,
roof tiles, box gutters
3. Cleaning and repainting of all exposed metal
work (stairs, piping, doors, etc.)

Vol. |



4. Cleaning of concrete surfaces in the interior of

the powerhouse

5. Inspection and repair as needed to the
powerhouse interior back wall

6. Rehabilitation of overhead traveling crane

7. Modification of existing powerhouse floor to
accommodate turbine generator equipment.

The existing powerhouse is constructed of brick and
reinforced concrete. Engineering drawings were located
which show most details of the powerhouse and were
utilized to the maximum extent possible.

Field inspection and building code requirements
formed the basis for determining what types of repairs

or replacements may be required. On-the-site inspec-
tions are needed to make reasonable estimates for exist-
ing powerhouses in which conditions vary considerably
from site to site. The guidelines contained in Section 4,
Volume VI of the manual, can only make one aware of
the items that need to be considered. Therefore, no
comparisons are made with the cost guidelines shown in
Section 4, Volume VI.

Cost Estimates

Table 4-1 displays the estimated cost for three alter-
natives for repairing, altering, or constructing required
civil features at the Great Falls Hydroelectric Project,
not including the diversion dam rehabilitation.

Technical Guide
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SECTION 5
ELECTROMECHANICAL EQUIPMENT

The Great Falls Study considered a full range of alter-
native turbine-generator equipment types. For this case
study, four of the 17 alternatives examined and the
costs of two compared with manual procedures con-
tained in Volume V.,

The four alternatives considered here represent
equipment supplied by four different vendors and are
summarized in Table 5-1. The turbine types and sizes
selected were based on the following factors: available
head in feet (gross head 70 feet); available flow in cubic
feet per second on a daily basis (range 50 over 3000);

use of available powerhouse space without alteration of

its exterior (inside dimensions approximately 40 by 102

feet) due to historical considerations; rehabilitation of

the existing four S. Morgan Smith Francis turbines, and
installation of new turbine-generator equipment. The
determination of turbine efficiency was made by using
Figure 3-5 in Volume V of the manual and comparing it
with vendor-supplied information. In the case of Alter-
native 1 it was found that the vendor-supplied informa-
tion resulted in somewhat lower efficiencies than those
obtained by use of manual curves.

Table 5-2 displays the comparison between the

manual procedures and vendor supplied information of

the turbine efficiencies for Alternative 1.

Description of the turbine units for the four alterna-
tives contained in this case study are described below.

Alternative 1 - Allis-Chalmers (Rehabilitated Units)

This alternative investigated the rehabilitation of the
four existing in-place S. Morgan Smith turbines. These
units are Twin Francis horizontal units instalied in 1923
and operated until 1969. Three of the units are rated at
1340 kilowatts and one is rated at 1080 kilowatts.

Alternative 2 - Leffel (Uprating Existing Units)

This alternative investigated the uprating of the exist-
ing four Francis-type units. The work required would be
similar to Alternative 1 with the exception that all new
parts would be provided. Only the middle portion of the

existing pressure cases would be used along with the
existing or replaced penstocks and draft tubes. To
accommodate the new Francis-type runners and wicket
gates it will be necessary to extend the pressure cases on
each end. This extension can be accommodated without

apparent need for structural modification. As a result of

the uprating, new higher capacity generators will be
needed, thereby necessitating some modification to the
existing floor at the generator.

Based on vendor-supplied information the smaller
units will operate over a flow range of 120 to 282 cubic
feet per second with a net head of 67 feet. Its corres-
ponding efficiencies would be 78 percent at 2/5 load to

Technical Guide
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90 percent at 4/5 load. The three larger units will oper-
ate over a flow range of 236 to 457 cubic feet per second.
Their corresponding efficiencies would be 80 percent at
1/2 load to 90 percent at 9/10 load.

Alternative 3 - Ossberger (New Units)

The alternative investigated the installation of four
new cross flow turbines manufactured by F.W.E.
Stapenhorst, Inc. These units are modified impulse-type
turbines with cylindrical runners. The turbines are low
speed (136 rpm) and therefore speed increasers are pro-
vided to permit use of high speed (1200 rpm) standard
generators.

The four cross flow generating set units would oper-
ate over a flow range of 76 to 378 cubic feet per second
with their corresponding efficiencies being 80 percent at
1/5 load to 84 percent at 3/4 load.

Alternative 4 - Tampella (New Units)

The Tampella units investigated would be low specific
speed adjustable blade propeller. The units can be set at
a higher elevation than similar Allis-Chalmers units,
which permits the use of vertical, conical-shaped draft
tubes.

This arrangement results in significantly reduced
structural modifications in the tailrace. However, the
lower speed results in more costly generators. The
generators would be supported integrally with the tur-
bine, which also reduces the required structural
modification but would necessitate removal of the
generator when removal of the turbine is necessary. The
Tampella unit includes an upstream butterfly valve to
be used for shutoff, thus eliminating the need for the
penstock headgates.

The four Tampella-supplied turbines would operate
over a flow range of 106 to 530 cubic feet per second
with their corresponding efficiencies being 70 percent at
1/5 load to 90 percent at 4/5 load.

Electromechanical Cost Comparisons

Retrofitting or rehabilitation of existing equipment is
unique to itself and therefore use of guidelines con-
tained in Volume V for determining costs is of limited
assistance. Procedures illustrated by Figure 2-1 of
Volume V were utilized to determine the electrical/
mechanical equipment costs for comparison with those
obtained by in-depth study.

Electrical/mechanical costs determined by use of the
procedures and guidelines contained in Volume V were
grouped into the following categories:

1. Turbine-generator equipment
2. Station electrical equipment
3. Switchyard equipment

Vol 1
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4. Miscellaneous power plant equipment
5. Special equipment

Cost comparisons between the manual and feasibility
results for Alternatives 1 and 3 are shown in Table 5-3.
Alternative 1 is a comparison of the rehabilitated Allis-
Chalmers turbine and Alternative 3 compares results
for the Ossberger turbine

It should be noted that the total installed costs are
higher using manual procedures than those found by
the feasibility study The costs were 10 percent higher

for Alternative 1 (rehabilitated equipment) and 25 per-
cent higher for Alternative 3 (new equipment). Vendor-
supplied equipment quotes were assumed to have con-
tingencies included. An item where there is a large cost
difference is the transmission line cost. Part of this line
will be overhead and a portion in underground conduit.
The local utility, Public Service Electric and Gas Com-
pany (PSE&G), furnished the cost for this work. The
cost difference for this item is in excess of 200,000 dol-
lars.
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SECTION 6
POWER MARKETING ANALYSIS

General

The value of the output from the Great Falls plant
depends on the project’s electric production charac-
teristics and the economics of the power purchaser. The
production characteristics determine the type of power
the project can displace, and the potential users, and the
purchaser’s economics determine the value of this class
of power. This section closely follows the guidelines
contained in Volume II of the manual.

Production Characteristics

Previous studies have shown that no firm generation
capacity can be provided by the Great Falls project.
Periods of flow below levels required for the
hydrogeneration equipment studied occur between
June and November annually and flow fluctuates subs-
tantially throughout the year. Since plant storage is
limited to a small amount of daily pondage, the project
is a run-of-the-river project with no firm capacity. In the
case of a utility purchaser, the project value will be the
energy cost of electricity displaced. For other users, the
project value is based on reducing purchased electricity.

Previous investigation explored the possibility of rais-
ing the dam to achieve increased energy production. It
was shown that the dam could safely be raised 5.7 feet,
thereby increasing annual energy output by approx-
imately six percent, but no firm capacity is gained.
However, the increased dam height with accompanying
gates for flow control would increase the pondage
available and could affect the power value estimate.

Power Value

Sale of the Great Falls electrical output to the local
utility (Public Service Electric and Gas (PSE&G)) and
to an end user were considered.

Sale to Public Service Electric & Gas (PSE&G).
PSE&G is New lJersey’s biggest utility and the one
serving the project area. PSE&G is a member of the
Pennsylvania-New Jersey-Maryland (PJM)
Interconnection, a power pool with centralized dispatch
and free flpwing power exchange PSE&G has
tentatively agreed to purchase the project energy at a
price related to the cost of energy purchased through the
PIM Interconnection. In 1976, this value was put at be-
tween 20 and 25 mills/kWh.,

Since this offer prices the project output based on the
marginal value of energy in the interconnected system,
it fairly represents the economic value of the Great Falls
project. However, because of the long-term nature of
hydroelectric facilities, the future value of energy dis-
placement in the PSE&G system was investigated.

PSE&G’s current sources of energy and how they are
used to meet demand are shown in Figure 6-1. As this
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figure shows, PSE&G is burning oil as a baseload fuel.
The energy cost of oil firing in the system (based on the
weighted average oil-fired heat rate of 11,000 Btu/kWh
and oil cost at $2.35/MMBtu) is 2.54¢/kWh. This value
will escalate at least as fast as inflation.

It is possible that PSE&G’s aggressive nuclear expan-
sion program could result in oil no longer being a
baseload fuel. Figure 6-1 also shows the expected
growth in energy sales and the timing and capacity of
future nuclear addition. Future baseload production was
investigated by projecting a series of load duration
curves into the 1980°s and superimposing energy pro-
duction by source. Energy was assumed to be produced
based on 45 percent annual capacity factors for nuclear
and coal generation. (1977 capacity factors were 40.4
peicent for nuclear and 44.5 percent for coal.) This
analysis showed that oil will still be a baseload fuel
through 1989.

It can therefore be concluded that through 1989, the
minimum value of energy produced by the Great Falls
plant will be based on the energy cost of oil-fired
generation in the PSE&G system. In 1977, this value
was 254 mills per kWh and over this period the
minimum escalationrate should be the general inflation
rate. Most observers predict the real cost of oil will rise,
hence leading to a faster escalation than the general
inflation rate.

Sale to End User. Power sales to an end user were
evaluated and it was concluded that this is an infeasible
method of selling the project output. This is so because
transporting the energy to the user’s site could prove
very difficult and expensive. The two options are to con-
struct a separate transmission line or to wheel the power
over PSE&G lines. Construction of a separate line in
this urbanized area would pose serious right-of-way
problems.

The Director of the Office of Technical Assistance,
New Jersey State Energy Department, was contacted in
regard to wheeling. To his knowledge there are no cur-
rent wheeling arrangements that would allow an
industrial or other non-resale purchaser to wheel power
over utility lines. He thought such an arrangement
would be very difficult to obtain because the project is
nonfirm and significant standby charges would be
levied; the energy value of the power displaced would be
related to the average energy cost of PSE&G, which is
considerably less than the marginal cost; also only small
pondage is available, causing energy to be lost during
low usage hours. This is in contrast to a situation where
the utility takes all project output.

The combination of these four factors makes it
unlikely a nonutility would find the purchase of Great
Falls power to be beneficial.

Vol.
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SECTION 7
ECONOMIC AND FINANCIAL ANALYSIS

Introduction

The cost and power value information developed in
previous sections allows the economic and financial
feasibility of the Great Falls project to be evaluated. For
this analysis, two major criteria were used:

1. The project was analyzed as a stand alone venture
receiving the full economic value of the energy pro-
duced. This perspective results in the true economic
merits of the project being established.

2. The project has been assumed to be both owned
and financed with tax exempt revenue bonds by the City
of Paterson. With municipal ownership, nc local or
income taxes are levied against the project. For financial
feasibility, 40 year, seven percent bonds were assumed.

In addition, in this section a sinking fund has been
calculated which will provide sufficient funds, in future
dollars, to perform major repairs and replacements.
These expenditures will be necessary to maintain the
facility in functional order through the financing period.

The steps followed in analyzing the plant are dis-
cussed below. The actual computations were performed
by several computer programs developed for this pur-

pose and described in the manual. By design, the cost of
service (financial feasibility) and the internal rate of

return (economic feasibility) were calculated in one
program and consequently separate calculations are not
presented here.

Economic and Financial Analysis

Economic feasibility is the evaluation of project costs
and benefits with the project déemed feasible when
benefits exceed costs. Financial feasibility is the evalua-
tion of the ability of the project to provide debt service

“from the capital required to construct and operate the
project.

The financial calculations of receipts and disburse-
ments determine the expected “‘cash flow”’ for the proj-
ect. For Great Falls, cash flow represented all quantified
costs and benefits so that the financial analysis piovided
the costs (disbursements) and benefits (receipts) for the
economic analysis. The economic criteria used was the
internal rate of return (IRR).

The following analysis of the economic evaluation
procedure presented in Table 4-3 of Veluine 1T utilizes
the Economic and Financial Analysis Manual. Financial
calculations are mzde, then become the quantitative
inputs for the economic analysis.

Escalation. It was first determined that inflation
would be explicitly included in the analysis. A general
escalation rate of six percent was used s representative
of expectations oi the long-run inflation rate. This rate
was used for all costs and revenues.

Technical Guide

Economic Life. The project economic life was estab-
lished at 40 years, the same as the financing period.
Since major repairs and replacements are periodically
required for the project to remain operational, the
period when these repairs are not made determines the
project life. In this case, provisions were made for a 40-
year operation.

Unescalated Costs. Construction and annual costs in
1978 dollars for the alternatives have been established
in previous sections. These are reproduced in summary
form in Table 7-1 for use in the economic and financial
analysis.

The construction period was estimated to last three
years. Capital expenditures were estimated to be 20 per-
cent in the first year and 40 percent in each of the
following two years.

The electrical/mechanical investigation determined
that repair and replacement of major equipment compo-
nents are periodically necessary for continued operation
of the plant. The costs were estimated as percentages of
the original cost of several major asset classes. The pro-
cedure described here was used to convert these percen-
tages into a constant annual cost that will provide suffi-
cient funds, in future dollars, to make the required
expenditures. In this analysis, provisions were made for
a 40-year project.

The first step was to use the replacement schedules
and the 1978 value of the asset classes to determine the
totai replacement (in 1978 dollars) required in the 20th
and 30th years of operation. These values were then
escalated to the year of ouccurrence accounting for the
construction period. Next, using the city’s cost of bor-
rowing {seven percent) as the discount rate, the present
value of these future replacements was calculaied in
1981, the first year of project opsrations. This amount
and the equivalent 30-year, seven percent sinking fund
are shown in Table 7-1. Note that this annua! cost
(about 4C percent of other annual operating costs) is
significant and must be incorporated in the financing
plan to assure project operations through the financing
period.

Unescalated Benefits. The only project benefit
considered in this analysis is power groduction sincs no
other mornetary benefits conld be identified. The power
marketing analysis established the value of the output at
a minimum of 25 miiis per kWh in 1977. For this
analysis, the valve of power was sei at 25 mills per kWh
in 1978. This value was also escalated.

Discount Rate. The City of Paterson’s cost of bond
financing is the appropriate discount rate to use in the
anaiysis. The tax staius oi ieveniue bonds used for this
purpose hgs a major impact on their cost. Since the total
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bonding required for all the options is less than $10
million, the established limit for tax exemption of small
issues which are not otherwise exempt, the issue was
assumed to be tax exempt See Section 6 of the
Economic and Financial Analysis Manual for more
detail in this regard . Since the cost of financing can have
a major impact on the financial feasibility, an opinion
from a bond counsel should be obtained on the tax
status prior to further major commitments of funds.

After reviewing Moody’s Bond Record, a seven percent
cost of bonding was used.

Resuits

Summary results for the four alternatives are con-
tained in Table 7-2. The internal rate of return (IRR)
was the economic evaluation criteria used to evaluate
this project. IRR is defined and its method of calculation
explained in Section 4 of the Economic and Financial
Analysis Manual.

The project’s IRR was calculated for a range of initial
energy values to investigate the project’s sensitivity to
this major parameter. Over the range of 20 to 30 mills
per kWh of initial value, the project’s IRR for
Alternative 2 was at least twice the client’s discount

rate, indicating an economically feasible project given
the assumptions concerning escalation. The other three
alternatives were also shown to be economically
feasible.

A number of important financial quantities were
determined for each alternative. These were cost escala-
tion and interest during consiruction and cash receipts
and disbursements. Cost escalation and interest during
construction increase the Leffel alternative’s completed
cost by approximately $700,000 over the lump sum esti-
mate of $5.4 million The constant annual debt service
on the bonds required to finance the project will be
approximately $460,000 per year. This may vary
depending on the exact structure of the bond issue.

Impact of Low Flow. If the output from this project is
sold on a per KWh basis, the revenue impact of low flow
must be determined. The first year of operation will be
examined since this is the most critical period

Table 7-3 shows the first year financial results of low
flow. As shown, all the options have cash flow deficits
under these conditions. Provisions for this possibility
must be provided in the marketing agreement for each
option or a reserve fund must be established for con-
tingencies.

Technical Guide

1-22

Vol. 1



SIeOA Of JO 9JI'T 10301 S} ISA0 UONB[RIST Q0L [RISUSL) 049 SIUINSSY /8

$39, OSURDIT PUE ‘QOUBINSU] ‘PRIYIIAQ) SANBISIUIUIPY ‘N0 SOPNOUY /7

uonerado Jo sIeak oy MO[[E 01 ‘S.§ Inng Wl ‘sjuswaoe[dol 10§ Spuny JUSILYNS SAPIAOL] /9

%L Ve 9JI] Ieak-0p 10J pazniowe A)ng /S

1834 1ad 040", 18 PAZILYD ISOUGYU] VOHONISUOD USY] ‘049 18 SOUILINIIQ) JO 1834 O} 0} PAIB[EIsd aIe §1500 [ende) 7
"PAIPTIS SOANBUISNE WIEP SNOLIBA JO SAISUAXS JSOUL 10] ST 1S00 WER(] "UIBp U] JO UOIIBI0ISAI SOpNPU] /¢

Ieaf 1ad 0,09 18 pajR[RISa anfep ASIouy /7

(epeoa( 2AneIudsaIday) (9/6561 USNOIU [G/0S6] SIBIA Iojep UO paseq /|

¥'S1 §'el S'Ll yel /8 (%) WY Jo d1ey feursiu]
0S¢ Sy or'e 6v'C (Um¥/9) (1861 - uoneradQ
JO 183X 1SIT]) 90IALAS JO 150D
00€°9¥1 001°6¢1 006°€H1 001°611 /L(S3EfloQ) S1s0D) SunesedQ
00T°L9 008°8¥ 008°9% 0059t /o (SHENIO() punyg
gunjurg 1uswaoeidey pue siredoy
00T°56S 008°00S 00L°9SV 009°1t¥ /s (STET0Q) 1uswAeday 199
(1861 - 201AI9S JO Jeah
18I1.d) §1S0)) 109f01d [enuuy
00L°SE6°L 000°929°9 00Z°680°9 005°L88°S (stefiod 1861) TV.LOL
180D 109f01d porsdwio)
068 L98 LIL 070‘1 MA/S
00L°600°L L66°9V8'S 000°8LE‘S 055°00T°S (ster1oQ 8.61) TV.IOL
001°¥L0°S LYS T89°¢ 000°TT1°C 058°€£6°C TEJTUBYIIA /6L
009°5€6°1 0S¥ 1T 00L°99T°T 00L°99Z°C /£1IALD
81500 Tende)
86'C 86'C 86'C 86'C 7z (UONeIado JO 183k 1S11)
UM>3/9 Ut aneA 1861
05T 0sC 0sT 0s°T UM/ Ur o0[BA 861
'padnposd 439Uy Jo anfep
(43 6'LT 8'0¢ v /1TUM JO suotjiu ur
uononpold A3I15uyg [enuuy 93eIoAY
SL8L 008°9 00S°L 001°S (M) Anoede)y pafreisuy
(eppdure ) (19819¢850) (BHTD (SRWRY)-~SIY)
SIUIqIN Y, agn ], MO[] SS0I sIouuny *ZIIOH MAN uoneIIqeyay
p 2ANBUIY € PARUWIBIY 7 dADBUIAY I sAneuI3}[Y

VIVA TVIONVNIA ANV DINONODT “TVIINHOAL 40 AYVINIANS
L ATEVL

Vol. 1

1-23

Technical Guide



TABLE 7-3
FIRST YEAR RECEIPTS AND DISBURSEMENTS
LOW FLOW CONDITIONS
PER kWh SALE
(In Thousands of Dollars)

Alternative 1 Alternative 2 Alternative 3 Alternative 4
Rehabilitation New Horiz. Runners Cross Flow Tube Turbines
(Allis-Chalmers) (Leffel) (Ossberger) (Tampella)
Percent of Normal year
Energy Production 70% 65% 67% 65%
Low Flow Revenue
(Per kWh Sale) $508 6 $596.1 $556.6 $625.1
Less:
Operations 119.1 143 8 1351 146 3
Bond Amortization 4416 456 7 500 8 5952
Replacement Sinking Fund 46 5 46 8 48 8 672
Net Funds -98 6 =512 -128.1 -183.6
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SECTION I
INTRODUCTION

Scope

This case study document describes the application of

the guidance and technical data presented in the draft
guide manual. Cost and design information for the
Rollins Power Project, Bear River, California, is pre-
sented as an illustrative example of use of the manual
materials. Also, the validity of the data and guidance
provided therein is evaluated. This information is pre-
sented ‘‘after the fact”, since the construction of the
Rollins Power Project (Project) began in the fall of 1978.
It is anticipated that the Project will begin generation in
the spring of 1980. The Project was formulated and
executed by the Nevada Irrigation District (District)
with Tudor Engineering Company as consultants.

Existing Project

The Rollins Power Project is located at Roilins Dam
on the Bear River, about 16 miles north of Auburn in
the Sierra Nevada mountains of Central California. The
dam was completed in 1966 as part of the Yuba-Bear
River Development Project, constructed by the District.
The Yuba-Bear Project stores and diverts water from
the upper Yuba River watershed into the Bear River
watershed for irrigation and domestic use in Nevada and
Placer Counties. Above Rollins Dam, in addition to
other Yuba-Bear Project facilities, the District owns and
operates two hydroelectric plants, Dutch Flat No. 2 and
Chicago Park. The energy from the power plants, both
located on the Bear River, is sold to Pacific Gas and
Electric Company (PG&E).

Rollins Dam is a 220-foot high rockfill dam with an
impervious core. The concrete ogee spillway in the right
abutment was designed for a maximum flow of approx-
imately 60,000 cubic feet per second. The diversion and
outlet works for the reservoir were constructed
together. A single 18-foot diameter horseshoe shaped
conduit was excavated through the left abutment from
the reservoir for about 300 feet. At that point, a bifurca-
tion leads into two smaller tunnels. One is a 16-foot flat
invert, partially-lined tunnel which was used as the
diversion during construction. The other is a 12-foot
horseshoe-shaped, concrete-lined tunnel with a 60-inch
Howell- Bunger valve which is currently used for water
deliveries to downstream users. After construction, the
diversion tunnel was plugged with 50 feet of mass con-
crete. This plug was pierced for the Project penstock.

The intake tower is located within the reservoir near

the upstream toe of the dam. It is an ungated structure,
equipped with a large trash-rack cage. Within the outlet
works, there are no control gates upstream of the bifur-
cation. Downstream of the dam is a small afterbay and a
diversion dam with head-works for the PG&E Bear
River Canal. Discharges from the outlet works aiso flow
down the Bear River to Combie Dam and are diverted at
that point for use in Placer and Nevada Counties by the
District.

Power Plant Addition

The Rollins Power Plant will include the following:

1. A semi-outdoor powerhouse with an installed
capacity of 12,700 kilowatts will be constructed near the
toe of the dam and the existing outlet portal. A
switchyard, enclosed by fencing, will be built adjacent to
the powerhouse.

2. A steel penstock approximately 550-feet long,
will rest on concrete piers placed in the existing 16-foot
diversion tunnel with an emergency control butterfly
valve at the upstream end near the existing tunnel plug.
The tunnel plug was pierced during a previous work
phase and a steel liner was inserted to convey water to
the penstock. Control equipment will be provided to
allow for synchronous passage of water either from the
existing outlet valve in the adjacent outlet tunnel or
hydraulic turbine.

3. A tailrace channel downstream of the proposed
powerhouse will be excavated in the rock between the
tunnel outlet and the existing diversion dam.,

4. Supplemental site development features will be
built, including an apron adjacent to the power house
for parking and the staging of maintenance activities, A
storage and office building will be constructed for the
accomodation of operation and maintenance personnel
and the storage of spare parts and maintenance
materials which cannot be stored within the
powerhouse. An access road will be developed, by
upgrading the existing service road, to accomodate the
vehicular traffic to the powerhouse.

5. A transmission line will be constructed by PG&E
from the power plant switchyard in a westerly direction
to an existing PG&E transmission line. This feature is
not considered as part of the Rollins Power Project.

The existing project features and new power facilities
are shown on Figure 1-1.
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SECTION 2
PROJECT FORMULATION

Formulation and initiation of the Project was
accomplished by the preparation of a feasibility study,
the marketing of the power to be generated, and the prep-
aration of the necessary applications and permits.
Other activities which then followed and are described
in the next section on implementation of the Project,
included the final design, bidding and award of con-
struction contract. Construction of the Project is now
proceeding.

Feasibility Studies

Work on the feasibility study was authorized by the
District Directors in the spring of 1974 and was com-
pleted in August 1974. The main study items consisted
of the review of existing studies, the formulation of four
alternative project developments, the preparation of
operation studies for the alternatives and cost and
benefit studies of the alternatives. Conclusions and
recommendations were made, along with a proposed
time schedule for further action. -

Four Project alternatives were formulated as follows:

1. Add power plant to existing dam with no change
in present operating agreement with PG&E.

2. Add power plant to existing dam, raise maximum
water surface from elevation 2171 to 2185, continue
present operating agreement.

3. Add power plant to existing dam, change present
operating agreement to maximize water and power out-
put

4. Add power plant to existing dam, raise maximum
water surface from elevation 2171 to 2185, change pre-
sent operating agreement to maximize water and power
output.

The study period for the reservoir operation studies
was taken to be 1928 through 1937. This is the same
period previously used by the District water supply
studies and it was considered important to be able to
compare results. This study period included an extreme
drought period and the average annual energy from this
period was lower than would be realized if a longer-term

more representative record was used. An example of

the systematic routing operation studies used for this
Project is shown in Figure 2-1.

Due to the uncertainty at that time in future cost of

fuel oil {(circa Spring 1974) on which a traditional benefit
and cost analysis should be based, the report included
the calculation of the cost of energy from the four projj -
ect alternatives in mills per KWh. That cost was then
converted to a cost for an equivalent barrel of fuel oil. It
was assumed that fuel oil would be the source of re-
placement energy if the projectwas not constructed. The
lower the equivalent fuel oil cost, the greater the benefit
of the project. Table 2-1 shows these equivalent fuel oil
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costs for the four alternatives ranked in order of benefit.
It can be seen that the costs range from $5.04 to $8.55
per barrel. At approximately the time of the report, it
was reported by PG&E that the cost of imported low
sulfur fuel oil rose from $7.75 to $13.00 per barrel.
From this information, it was concluded that all of the
alternatives considered would be economically feasible.

After evaluating the economic and institutional
aspects of each alternative, alternative 1 was selected. A
12,700 kW turbine/generator unit would be installed,
with no increase in the height of the dam or addition of
spillway gates. The plant would be operated as a run-of-
the-river plant with no change in the release pattern.
The raising of the water surface entailed by alternatives
2 and 4 was not selected because of the impact on the
environment, disruption to the existing recreational
facilities next to the reservoir and the added cost of the
relocation of old Highway 40 where it crossed an arm of
the reservoir. Alternative 3 was not selected since it was
decided by the district not to attempt a renegotition of
the operating agreement with PG&E.

Since the present operation requires the reservoir to
be occasionally lowered to an elevation below the
minimum head for power generation, no dependable
capacity was credited to the installation. A peaking
operation was not considered as an alternative because
of the lack of a suitable afterbay site.

Several constraints on the Project were found during
the feasibility study. Financially, the District had 7.8
million dollars in authorized but unissued revenue
bonds remaining from the construction of the Yuba-
Bear Project. These could be used for the Rollins Pro j-
ect, but if that amount was exceeded, other forms of
financing the overrun, including possible additional
authorization by the electorate to sell more bonds,
would be necessary. Also, if the power was sold to an
investor-owned utility, the bonds would take the form
of Industrial Development Bonds (IDBs) and would
lose their tax exempt status. (Revenue bond financing
and IDBs are discussed further on page 6-8 of Volume
11.) The District’s financial consultant indicated that the
IDBs would carry an interest rate greater than the max-
imum allowed by California Irrigation District’s law,
i.e., eight percent. Therefore, it was proposed, and later
accomplished, that the District’s law be amended to per-
mit a higher interest rate, not to exceed 10 percent.

The most difficult physical constraint discovered was
necessity to pierce the plug in the original diversion
tunnel for the penstock There was no valve or control
gate with which to close off the upstream side of the
plug so that the work could be performed without
draining the reservoir. Several unique and challenging
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TABLE 2-1
SUMMARY OF STUDIES

Average
Generation
(Year 1927-1937)
Alternative kWh X106
1 53.0
2 55.0
3 56.8
4 60.4

Energy Equivalent Fuel
Cost Oil Cost
Mills/kWh $/barrel
7.96 5.04
11.45 8.55
7.43 5.55
10.42 7.78

proposals were made for accomplishing the work under
those adverse conditions. However, during the
unprecedented drought in the summer of 1977, the
reservoir water surface was lowered below the level of
intake structure and the proposed work schedule was
accelerated to take advantage of the unexpected
opportunity to pierce the plug in the dry. This work was
approved and performed under the supervision of the
Division of Safety of Dams, Department of Water
Resources, State of California.

Spillway Flood Studies

Two of the alternative project formulations investig-
ated included the maintenance of the existing max-
imum reservoir water level (Alternatives 1 and 3) and
two others entailed the increase of the spillway crest
elevation from 2171 to 2185 in order to increase the
power and water conservation yield (Alternatives 2 and
4). The raising of the spillway crest would have required
a similar raise in the dam crest to facilitate the passage of
the spillway design flood. This dam would be classified
as a large dam (over 50,000 acre-feet) in a “‘significant”
hazard area (see Table 4-3 Volume III); therefore, the
spillway would be required to pass the total probable
maximum flood (PMF).

In order to investigate the adequacy of the spillway,

the PMF hydrograph and the criteria used to establish -

the maximum probable preciptiation were obtained
from the Division of Safety of Dams in Sacramento,
California. The source of the probable maximum pre-
cipitation data was found to be Hydromet Report 36 and
was judged by the Consultant and Safety of Dams to be
adequate. The PMF hydrograph was routed by com-
puter model over the existing spillway crest and the
resulting maximum water surface was contained by the
dam with about two feet of free board. The spillway was
judged to be adequate. The inflow hydrograph and the
routed outflow hydrograph are shown on Figure 2-2.

Integrity Investigation

The investigation of the integrity of the existing dam
was minimal. The dam has been reviewed for safety
each year by the engineering staff of the Division of
Safety of Dams and once each five years by staff of the
Federal Energy Regulatory Commission. The FERC
requires as a part of their five-year review that the
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owner furnish to FERC a report prepared by a Consul-
tant on the safety of the dam. During these investiga-
tions, no conditions have been observed that required
remedial measures.

The State of California Water Code, Section 6225,
requires that any additions or alterations to a dam
receive the approval of the Division of Saftey of Dams
prior to construction. An application was made to cover
the removal of the tunnel plug. The design and con-
struction criteria, plans and specifications were provided
to Safety of Dams and approval was granted. Since blast-
ing of the concrete plug would take place under the dam
within 20 to 30 feet of the existing outlet, the consultant
proposed and the State agreed that the wave velocity of
the explosion be limited to less than three inches per
second. During construction, the wave velocity was
monitored by instruments and did not prove to be an
unreasonable constraint on the blasting operation.

Representatives from Safety of Dams have continued
to review and to monitor the construction and will pro-
vide final approval upon completion.

Selection of Turbine/Generator

The two turbine options considered for the Rollins
Project were Francis and Crossflow. These are the
appropriate options for head conditions of between 150
and 200 feet (from Figure 2-2, Volume V). The
Crossflow turbine was not considered in detail because
of limited available unit capabilities, as described in the
manual,

The design turbine flow of 610 cfs was determined by
the contractual commitments to PG&E for release and
by the District’s requirements for irrigation and
domestic releases and low flow augmentation. Con-
trolied flows are not released in excess of this demand
condition. Uncontrolied flows spill over the spillway,
and could be routed through the turbine up to the max-
imum hydraulic capacity.

The average weighted gross head on the turbine was
calculated by multiplying the measured outflow from
the reservoir in cfs-days times the daily gross head and
dividing by the summation of measured outflow. This
computation was accomplished as a part of the computer
program used for the systematic routing. The results of

Vol. 1
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this study indicated that the average weighted head was
175 feet.

From the maximum flow of 610 cfs, and with a head
of 175 feet and an efficiency of 87 percent, the output of
the generator would be about 7800 kW. The generator
and related electrical equipment must be designed,
however, to receive the maximum hydraulic output of
the turbine at the maximum 1eservoir water surface
elevation. This corresponds to a gross head of 204 feet,
a flow of 845 cfs, and a plant capacity of about 12,700
kW.

Power Operation Studies

Systematic routing operation studies were performed
by computer to estimate the amount of energy to be
generated by the power plant. The studies were based
on the assumption that Rollins Reservoir will continue
to be operated under rules set forth in the Yuba-Bear
Water Operation Contract dated July 12, 1963. All dis-
charges will be dictated by the downstream require-
ments of the Bear River Canal, as operated by PG&E,
diversion at Combie Reservoir, as operated by the Dis-
trict and minimum fish flow requirements, as set forth
in Article 33 of Federal Energy Regulatory Commission

License 2266. Discharges solely for the purpose of

generating energy will not be made.

The studies were based on the assumption that excess
flows above the capacity of the turbine would be spilled
and that flows too small to drive the turbine or flows
released when the turbine head is below the safe operat-
ing head would be passed through the existing outlet
works. The latter case occurs when the water elevation
falls below approximately elevation 2040 corresponding
to a head of 82 feet on the unit. Below this stage turbine
cavitation -and rough operation would make power
generation undesirable. Operation limitations for a
Francis turbine are shown in Volume V.

The tailwater elevation will be controlled by the diver-
sion dam downstream at the Bear River Canal head-
works. The normal tailwater elevation was assumed to
be at elevation 1958. Spills from Rollins Reservoir will
cause no increase in tailwater because of the diversion
dam.

For the purposes of estimating energy, inflows for two
cases were evaluated: the hypothetical conditions and
the actual flows since the dam was completed. The
hypothetical study was based on an assumed operation
scheme from October 1928 to September 1947 and was
derived from the 1960 Ebasco ‘‘Yuba-Bear River Proj-
ect Report™. For the purposes of estimating a probable
average of the energy to be generated, the years 1939-
1947 appear to be most representative. These years
have average runoff characteristics, similar to the 65
year average of all years for which flow records have
been kept. From this study it is estimated that the
average annual energy generated would be 71.1 X 106
kWh and that the average annual capacity factor would
be 74 percent. The minimum and maximum generation
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for this period was 58 5 and 88.5 X 106 k€Wh. Figure 2-3
illustrates the reservoir elevations, flow duration and
plant capability for this study. Note that about 10 per-
cent of the flows discharged from Rollins Reservoir
would be at flow rates in excess of the maximum possi-
ble turbine outflow. Also note that the capacity of the
power plant fluctuates with head. During approximately
five percent of the time, no energy could be produced.

The second study, with historical data, was based on
the records of inflow and outflow of Rollins Reservoir
since operation began. The period of study is from Octo-
ber 1964 to September 1976, During this period, the
average annual energy would be 85.4 X 106 kWh and
the average annual capacity factor would be 89 percent.
Figure 2-4 shows the reservoir elevations and flow dura-
tion for this study.

Power Marketing

The procedure followed to market the power con-
sisted of distribution of the project 1eport to interested
power purchasers, discussions with the prospective
power purchasers, review and ranking of offers received
and the negotiation of a memorandum of understanding
with the selected power purchaser. This marketing pro-
cedure is generally described on page 3-38, Volume Il as
““Cost Plus a Royalty Subject to Escalation’’. Offers to
purchase the power were received from PG&E, the
California Department of Water Resources and the
Northern California Power Agency. The Sacramento
Municipal Utility District and the U.S. Bureau of Rec-
lamation did not submit an offer. After study and
review, the District’s Directors voted to negotiate first
with PG&E, an investor-owned utility

The main points of the offer as made by PG&E were
as follows:

1. District will own and operate the power plant.

2. District will finance the Project through sale of
revenue bonds, the total debt service to be guaranteed
by the power purchase agreement from PG&E.

3. PG&E will 1eceive all of the power from theProj-
ect.

4 PG&E will pay for debt service on bonds, and
annual operation and maintenance costs, PG&E will
advance ‘‘development costs”’, to be paid back from the
sale of revenue bonds.

5. PG&E will pay to the District an added incentive
payment or royalty equal to at least 4 mills per KkWh.

6. PG&E will escalate the added incentive payment
based upon the change in cost of wholesale price of
energy in Northern California.

The offer by PG&E was judged to be reasonable. At
the time of the offer, December 1975, the cost of the
fuel oil being used to generate power in California
resulted in a cost of electrical power of about 20 mills
per kWh. This cost was considered the highest replace-
ment value of energy in the PG&E system. The cost to
develop power at Rollins was estimated to result in a
cost of about 12 mills per kWh. Therefore, payment of 4
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mills per kWh, one-half of the difference between the
replacement value of energy and the cost to produce the
energy, was approved as a fair royalty to the District.

The last step in concluding the marketing arrange-
ment was the preparation of a memorandum of under-
standing. The memorandum encompassed all the major
points of the offer. In addition, since only 7.8 million
dollars were available for the project, provision was
made to permit short-term warrants to be used for any
cost overrun. These warrants could be authorized by a
majority vote of the Board of Directors under the Irriga-
tion District law,

The revenue bonds which were issued by the District
for construction of the Project were sold with an interest
rate of 9 7/8 percent (taxable IDBs). The term of the
bonds, 32 years, coincided with the years remaining on
the District’s FERC license for the Yuba-Bear Project.
The total annual cost to PG&E including debt service on
bonds, estimated operation and maintenance cost, and
added incentive payment amounis to the sum of
$810,000, $75,000 and $284,400, respectively for a total
of $1,169,400. With an annual energy production of
71.1%x 106 kWh, the cost of energy, delivered at the bus
bar, is 16.5 mills per kWh.

Application and Permits

The applications and permits which were prepared
and received are as shown on Table 2-2. The table indi-

cates several significant points. The actual experience
shows that, with the exception of the time required to
obtain water rights from the State of California, the
schedule for project implementation provided in the
manual can be achieved. The time required for water
rights was due in part to slow processing by the State
and to the intervention of a downstream irrigation dis-
trict. This intervener was eventually satisfied by the
execution of a supplemental agreement between the two
parties which primarily reiterated each party’s intent not
to cause harm to the other.

Another significant aspect of the application process
was the determination by the District that no significant
adverse environmental impact would be caused by the
construction. A negative declaration was therefore sub-
mitted by the District’s Directors. This determination
was considered by the Federal Energy Regulatory Com-
mission and, after further review and consultation, indi-
cated to the Council on Environmental Quality that no
adverse impact would occur and a negative declaration
should be issued.

The question of adverse impact on the local fisheries
was not an issue. The release requirements from the
dam were jointly developed 10 years previously with
representatives of State and Federal governments to
enhance the fisheries below Rollins Dam. (No fish
passage facilities exist at Rollins because there are no
migratory runs within the river.)

-
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Permits or

Applications

1

=l

I/ Federal Water Pollution Control Act

Water Right Application
to Develop Power at the
Site

Environmental Impact
Negative Declaration in
accordance with California
Environmental Quality Act

Amendment to License
to Develop Power at
the Site

Water Quality Certificate

(Secd0lFWPCAL)

Request to Lower Rollins
Reservoir below Minimum
Level

Application to Alter
Permit Application No 6333

(Sec. 404 F W P C A. I/Permit)

Application to Make
Alterations to a Dam

Permission to Sell Phase 1

Bonds 3/

Phase 11

Permission to Work in tunnel

2/ Not required

3/ For permission to sell revenue bonds

TABLE 2-2

SCHEDULE OF APPLICATION AND PERMITS

Responsible
Agency

State Water
Resources
Control Board

Nevada
Irrigation
District

Federal Energy
Regulatory
Commission (FERC)

Regional Water
Quality Control
Board

State Dept. of
Fish and Game
and FER C

Corps of Engineers

Sacramento

District

California
Divison of
Safety of Dams

California
- Districts Security
Commission

California Division
of Industrial

Safety 4/

4/ Article 8422 D. Title 8, California Administration Code

Technical Guide

Date
Filed

1/29/76

9/27/76

10/1/76

2/20/71

4/15/77

6/8/77

6/10/77
6/22/77

1/11/78

Classification of tunnel work required Work was classified as non-gassy

1I-12

Approval
Granted

9/21/77

7177

10/14/77

5/11/77

4/24/77

6/29/772/

777
7/29/77

9/20/78

4/28/78

Months Before

Approval

20
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SECTION 3
DESIGN

General

The standards and criteria used for the design of the
Rollins Power Plant were organized during the
preliminary design stage. The contract between the Dis-
trict and PG&E stated ‘‘the power plant shall be equal to
completeness of features and quality of design and
materials in all respects to recent installations as in
Pacific (PG&E) Feather River, McCloud River and Pit
River projects.”” Therefore, the Rollins Project was
designed as a major hydroelectric plant installation. As
such, the costs of the Rollins Power Project are greater
than the costs provided in the guide manual since the
manual suggests the reduction of the requirements for
control and protection on various items from those that
would be necessary for major installations. A general
description of the major electromechanical and civil
features follows. Thereafter, a section is included which
points out the specific discrepancies between the
manual and the Project as designed.

Electromechanical Equipment

The appropriate turbine parameters were determined
by a series of systematic routing operation studies in
which the size of the unit and the design head (the head
of maximum efficiency) were optimized. The turbine
efficiency curve used was similar to the curve shown on
Figure 3-8, Volume V. The curve is given in a different
form in Figure 3-1 of this Appendix. For Rollins, a
12,700 kW unit with a maximum gross head of 204 feet
was determined to be the most cost-effective installa-
tion. During the course of the investigation, it was
iearned that PG&E was decommissioning a power plant
with two 13,000 kW Francis turbines and generators
installed in 1927 with similar head and flow charac-
teristics. An investigation was made of the desirability
of using one of those turbine/generator combinations
for the Rollins Project. After a thorough study, it was
decided it was feasible to refurbish one of the units for
the Project. Not all of the old parts could be reused,
however. Manufacture of a new draft tube, spiral case
and stay ring was required. The total cost of refurbishing
the 13,000 kW unit was found not to be significantly
different than the purchase cost of a new 12,700 kW
unit. However, the time for procurement was reduced
by 9 months by the reuse of the old equipment, provid-
ing a significant savings in cost and a one year reduction
in the construction schedule. Furthermore, the old unit,
being substantially heavier than a new unit, provided
increased rotational inertia for better speed regulation
and more durability.

Civil/Structural Design

The standards and criteria used in the civil/structural
design were generally in accordance with common
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utility practice. Several features were particularly worth
noting. A semi-outdoor design was used for the power
plant. This design was selected primarily for economy.
The power plant structure was designed to accommo-
date a portable gantry crane. The crane, however, was
not included in the Project since its use would be infre-
quent and it could be rented when needed. An office
building with storage area for spare parts and mainte-
nance equipment was furnished as a separate building.
This building, although built with power plant funds,
was needed for other Yuba-Bear River Project purposes
and would not have been necessary for the power plant
alone.

Comparison of Guide Manual and Actual Costs

Construction Costs. A comparison of the power plant
cost derived by use of the manual with the actual con-
struction costs bid by the contractor for the Rollins
Power Project is provided in Table 3-1. The cost level
for manual costs is July 1978. The project was bid and
awarded in about the same time-frame. Upon com-
parison, it can be seen that the actual costs are higher
than those estimated by use of the manual. This
difference can be attributed to the fact that the actual
Rollins construction cost contains several items in addi-
tion to the basic power plant cost addressed by the
manual. A listing, by account number, of the
differences between the manual estimate and actual
costs follows.

Account No. 331

1. The Rollins turbine was designed for bottom
removal of the runner, a feature which adds to
powerhouse depth. Bottom removal is not normally
required and was therefore not considered in the
manual

2. At Rollins, the turbine is a refurbished older
unit. This unit is considerably larger in physical size
than a new unit of the same capacity. Because of the
larger turbine, the powerhouse structure is larger than
would have been required to house the turbine. Also,
the PG&E required that certain equipment be installed
in the powerhouse which normally would not be
required and was therefore not considered in the
manual. The larger turbine and additional equipment
resulted in the Rollins powerhouse area being nearly 20
percent greater than the area that would have been
calculated by use of the manual.

Account No. 332

1. The owner furnished the upstream shut off valve
for the Rollins project. Consequently, the costs deter-
mined by use of the manual were higher than the actual
Rollins costs.

Vol. 1
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TABLE 3-1

COMPARISON OF CONSTRUCTION COSTS VS. MANUAL COSTS

Account No. Guide Manual
331 Structures and
Improvements $ 642,000
332 Waterways 765,000
333 Turbine & Generator 2,300,000
334 Electrical 785,000
335 Mechanical 125,‘000

Total: $4,617,000
Additional Work Items:

Road and traffic control
Toe drainage for dam

Office and warehouse building 3/

Channel diversion and afterbay excavation
Remote control (including equipment in
Chicago Park Powerhouse)

Total Phase II Contstruction Contract
Other Costs:

Tunnel plug contract
Turbine/Generator purchase
Contingencies

TOTAL CONSTRUCTION COST

1/ Concrete for waterways included in structures

2/ Includes governor $206,000
Includes governor housing $80,000

3/ Electro-mechanical included in accont 334 and 335

Technical Guide v H-15

Actual

$ 876,000/

531,000
2,479,0002/
897,000
292,000

Subtotal: $5,075,000

$ 110,000
37,000

38,000
90,000

150,000
$5,500,000

352,000
112,000
223,000

86,187,000

Vol. 1



Account No. 333

1. The Rollins turbine has an automatic grease
lubricating system which is not normally required and
was not included in the manual.

2. To enable the unit to be motored and operated as
a synchronous condensor, provisions were included at
Rollins for water lubrication of the wearing ring at an
increased cost not considered in the manual.

3. A special requirement of the power purchase

agreement at Rollins was that the unit be capable of

operating in an isolated system. This requirement man-
dated the installation of an Electric-hydraulic Speed
Regulating Cabinet Type governor. Normally, a gate
shaft governor would be adequate.

Account No. 334

1. Due to additional mechanical equipment in the
powerhouse which was requested by the power
purchaser, it was necessary to install an additional
motor starter center and a low voltage distribution
system.

Account No. 335

1. A heating system, not normally required and not
considered in the manual, was included in the Rollins
powerhouse.

2. At the Rollins project, the generator is water-
cooled. The manual addresses air cooling only.

3. Rollins has an automatic fire protection system as
opposed to the manually operated fire stations
addressed by the manual.

4. A station air compressor with outlets at work
areas is included in the Rollins project but not con-
sidered by the manual.

5. Rollins has hoists and jib cranes which are not
normally required for a small hydroelectric project and
were not addressed by the manual.

As a general commentary, the design of the Rollins
power plant was greatly influenced by the requirements
of the power purchaser The plant operating criteria
were based upon recently constructed major
hydroelectric projects in the power purchaser’s system.
There are several major features which could be
eliminated or modified, with an attendant reduction in
cost, if the design has been consistent with normal small
hydroelectric plant design practices

Total Project Costs. In comparing the total project
costs, Table 3-2 is presented. As can be seen, the per-
centages assigned in the manual to estimate indirect
costs are relatively close to the actual percentages
experienced at Rollins.

Technical Guide
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Costs:

Construction Contract
Design and Development
Construction Supervision
Surveys and Testing

Tunnel Plug (Construction already completed)
Equipment Purchases from Pacific

District Counsel

Costs of Issuance

State Treasurer’s Review and Certification

Contingencies

Less: Investment Income (Estimated at 6.5%) 1/
Net Costs
Add: Funded Interest (Two years at
estimated 9-1/2% 2/) $1,482,000
Less: Accrued Interest
(Fstimated 1-1/2 months) 93,000 3/
Total Costs
Actual
Recap of Percentage
Total Project of
Cost by Construction
Categories Cost Cost
Construction Costs $6,187,000
Indirect Costs 1,065,000 17.2
Financing Fees 138,000 2.2
Interest During
Construction 999,000 162
Legal Fees 125,000 2.0
Total Cost $8,514,000

Gross Project Costs

TABLE 3-2
ESTIMATED TOTAL COST OF PROJECT

5,500,000
640,000
395,000

30,000
352,000
112,000
125,000
110,000

28,000
223,000

$7,515.000
390,000
$7,125.000

1.389.,000
$8.514,000

Guide Manual
Percentage
of Construction
Costs

20
1.7-33

158
Not estimated

1/ Includes investment income from Interest Fund for approximately 16 months and assumes Construction Fund
balances available for approximately 9 months

2/ From July 1, 1978 to and including the July 1, 1980 payment.

3/ Received as part of the proceeds from the sale of the Bonds.

Technical Guide

11-17

Vol. 1






ECONOMIC AND FINANCIAL

ANALYSIS

VOLUME II







CONTENTS

Section Page
1 OVERVIEW 1-1
2 INTRODUCTION 2-1
Scope and objectives 2-1
Differences between small and large hydro projects 2-1
Informational requirements 2-3
Public and private ownership 2-4
Dichotomy between economic and financial feasibility 2-4
Inflationary effects 2-4

3  MARKET ANALYSIS

Institutional factors
Purchasing utility
National Energy Act
Regulatory commissions

Hydroelectric capacity and encrgy
Capacity
Energy
Peaking capability

Value of capacity and energy
Opportunity cost as a basis for establishing small hydro project value
User as power purchaser
Utility as purchaser
Example of utility power value calculation

3

3

3

3

3

3

3

3

3

3

3

3

3

3
Regional power values 3
Market arrangement 3
Time-of-day considerations 3-
Cost plus a percentage of debt service 3
Cost plus a royalty subject to escalation 3
Sales per kilowatt-hour 3
Sales per kilowatt-hour with cost guarantee and balancing account 3
Market information used in project sizing 3
4

4

4

4

4

4

4

4

4

O O OO OO O RN

4 ECONOMIC ANALYSIS
Definition of economic feasibility
Analytical scope and framework
Framework of economic evaluation
Scope of the economic analysis
Cost and benefit streams
Components of economic costs and benefits

Inflation -
Formulating benefit and cost streams -
Economic evaluation criteria 4-2
Discount rate 4-2
Screening and ranking 4-5
Net present value (NPV) 4-5
Benefit-cost ratio (B/C) 4-5
Internal rate of return (IRR) 4-5
Other criteria 4-5
Uncertainty 4-6
Analytical procedure 4-6
Sensitivity analysis 4-6
Risk analysis 4-6
Economic evaluation procedure 4-6

Economic and Financial Analysis i Vol. Tl



Section

5 PROJECT IMPLEMENTATION
Institutional considerations
FERC
Securities and Exchange Commission (SEC)
State-level requirements
Environmental considerations
Timing and usage of funds
Prefeasibility or reconnaissance study
Feasibility studies
Licensing and permits
Engineering design, construction supervision and administration
Manufacture, construction, and installation
Funding feasibility studies
Power purchasers
Other feasibility funding sources

6 FINANCIAL FEASIBILITY
General
Inflation
Security of the minimum revenue requirement
Funding sources and arrangements
Federal programs
Financing by public entities
Investor-owned project financing
Establishing financial feasibility

Cost of service calculations

Sensitivity analysis

Coverage of revenue requirements
Financial consultants in public sector financing

Tax status

Financial advisor’s role

Cost of issuing bonds

7  SUMMARY AND COST GUIDELINES
Summary
Cost guidelines for the study
Power market analysis
Economic and financial analysis

REFERENCES

EXHIBITI: FEDERAL ENERGY REGULATORY
COMMISSION ELECTRIC REPORTS

EXHIBIT II: EXTRACTS FROM THE UNIFORM
SYSTEM OF ACCOUNTS

EXHIBIT HI: PUBLIC UTILITY REGULATORY
POLICIES ACT, TITLE IV - SMALL
HYDROELECTRIC POWER PROJECTS

Economic and Financial Analysis ii

Page

' 1 ] I ' 1 1 1
AR R RE R NN NN o -

?‘\O\ W
V
— b — N

CIJ\O\

* oo
TZz

AR
L S S ]

s

—_ e L 58 b

ol

Pt
1
—

11-1

11-1

Vol 11



FIGURES

Plant installation costs for large hydro projects

Power system statement

Capacity availability curves for small hydro and thermal plants
Annual energy production histogram and cumulative probability
distribution

Average monthly energy output

Demand pattern and small hydro output for example calculation
of small hydro benefit to an industrial purchaser

Basic application of production cost curves to power system planning
Weekly load curve of a large electric utility system

Annual load duration curve with energy by source superimposed
(used in example utility power value calculation)

Example of sensitivity analysis

Example of a triangular probability distribution of a project parameter

Probability of possible outcomes from Monte Carlo simulation
Typical project implementation schedule and expenditure pattern
Municipal bond yield averages for general obligation bonds
Example of financial sensitivity analysis

Summary procedure

TABLES

Information required for economic and financial analysis
Simplified rate schedule

Example industrial general service annual charges
Example standby service annual charges for industrial user
purchasing small hydro output

Example utility power plant heat rates

Example fuel costs

Impact of escalation during construction and calculation
of completed capital cost

Example calculation of net present value

Economic evaluation procedure

Cost of service calculation

Economic and Financial Analysis iii

Page

W W W
o1
pot it
-~ -

e}

1
LI 00 ) W == \D 00 —

(o)}

Page

2-3
3-10
3-12

Vol 11






SECTION 1
OVERVIEW

This volume presents guidelines for preparing the
economic and financial portions of an overall feasibility
investigation. The other volumes used in conjunction
with this one will assist investigators in making a fair
and accurate assessment of small hydro project
feasibility.

The body of this volume is broken into four major
subject areas. It is preceded by an introduction and
followed by a summary. The introduction presents
general information describing the purpose of the report
and the differences between small hydro and large
installations. Other discussions on sources of informa-
tion, ownership characteristics and inflation are also
presented.

The market analysis section describes in detail a wide
variety of factors that affect the value of a small
hydroelectric project. The information in this chapter
will be of particular importance to the economic and
financial analyst who must prepare the market assess-
ment

The economic analysis section first discusses the
meaning and scope of economic analysis. Recommen-
dations are given on formulating the cost and benefit
streams and the appropriate evaluation criteria, and a
generalized procedure is developed for applying these
techniques.

Several topics that are financial in nature are dis-
cussed in the section on project implementation. The
institutional requirements, timing of expenditures and
sources of feasibility funding are explored.

The financial analysis section presents information
pertinent to establishing project financial feasiblity.
Funding sources are reviewed as is a method for estab-
lishing financial feasibility. A thorough discussion of the
important role played by the project’s financial advisor
is also given.

The report concludes with a summary and cost
guidelines for the preparation of the economic and
financial portion of the feasibility assessment.

Economic and Financial Analysis
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SECTION 2
INTRODUCTION

Scope and Objectives

The primary objective of an economic and financial
feasibility investigation is to provide the economic basis
for deciding whether to implement a project. An addi-
tional objective is to examine the promising develop-
ment options in sufficient detail to determine which are
most attractive.

To achieve these objectives, the scope of the
economic and financial portion of the feasibility study
must encompass all pertinent engineering, institutional,
economic, and financial factors of the project that in-
fluence the implementation decision. With the basic
project revenue and cost information arrayed in the
feasibility study, the project sponsors should then be
able to determine if implementing the project is in their
best interest. At this point concerns beyond the project,
such as capital availability, contractual problems and
other factors, are taken into account. These concerns,
which relate to the sponsor’s overall goals and con-
straints, are typically not the subject of the feasibility
investigation

Feasibility studies are usually undertaken only when
there is a reasonable expectation that the project will be
feasible in some form. This may be determined with an
inexpensive prefeasibility or reconnaissance study or by
expert judgment of a qualified individual. Since all funds
spent prior to the decision to implement a project are
subject to total loss if the project is not implemented, it
is clearly desirable to minimize these expenditures. To
do so, intermediary studies that do not yield a definitive
answer on feasibility should generally be avoided.
Instead, sufficient funds should be expended to deter-
mine feasibility, and these results may then be used to
either implement the project or reject it and end
unnecessary expenditures.

The body of the economic and financial portions of a
feasibility investigation are performed in the latter part
of the study for the simple reason that they require
input from the engineering and other investigations.
However, close coordination and exchange of informa-
tion are maintained with the other investigations. Dur-
ing these investigations, many problem areas may turn
up that can render the project infeasible. If the project
gets past the engineering and other hurdles, it can then
be judged on its economic and financial merits.

The confidence that may be placed in the results of
this portion of the feasibility study is a function of the
quality of the information used and the analysis per-
formed with this information. The investigation must:
obtain the best relevant information concerning
the value of power production from a small hydro site,

Economic and Financial Analysis

2-1

using this and other information, determine the
economic and financial feasibility of the project.

The aim of this report is to describe concepts and pro-
vide guidelines for their use in evaluating small hydro
developments. A wide variety of situations will occur;
therefore, no single procedure will suffice for all
projects. For this reason, emphasis has been placed on
the proper conceptual framework while providing as
much information specific to small hydro projects as
possible

Differences Between Small and Large Hydro Projects

““Small hydroelectric power facilities’” are defined in
terms of the total nameplate capacity of the generating
units and include installations with less than 15 MW of
installed capacity. Most projects that fall under this
definition would be located at existing impoundments
throughout the United States. The U.S. Army Corps of
Engineers (Institute of Water Resources, 1977) has
estimated the potential at these existing small impound-
ments to be over 25,000 MW.

These small projects differ from the over 60,000 MW
in existing conventional hydroelectric facilities in four
significant ways important to the economic and financial
feasibility analysis. First, most projects have relatively
low heads (less than 100 feet). Because turbine and
other powerhouse costs are more closely correlated to
flow than head, the per-kilowatt (kW) cost of
powerhouse, switchyard and other miscellaneous equip-
ment can be relatively high. Figure 2-1 illustrates the
strong dependence of cost per kW on gross head for new
large installations. This will lead to a relatively high
capital cost component of total cost in most instances.

Second, the analysis of small projects is usually con-
ducted in the context of a single-purpose, non-essential
project. The decision to construct or not construct will
generally be based solely on the benefits versus the
costs of power production. This is in contrast to many
major, multi-purpose projects justified on flood control,
recreation and other benefits in addition to the value of
power.

Third, most small hydro projects will have little work-
ing storage dedicated to power production. This will
simplify the operational plan of the project and will also
result in the nature of the project’s power being
different than in most major projects. In the typical
small project with little or no storage, there is no ability
to store water and schedule peak power generation.
Consequently, the project is run-of- the-river, with lit-
tle, if any, dependable capacity.
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Figure 2-1. Plant installation costs for large hydro projects
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Fourth, the cost of service of large hydro projects will
include the transmission system to a substation capable
of handling a large power input. In small hydro projects
with much smaller power output, transmission line
costs should typically represent a lesser portion of the
total project cost because of the availability of substa-
tions and transmission lines that can handle up to 15
MW of additional input. Because of this, the treatment
of transmission system costs and losses will be easier to
evaluate.

Informational Requirements

All cost, marketing, performance and financial infor-
mation must be assembled in an orderly fashion. The
annual costs and capital requirements will be developed
in the civil, mechanical and electrical portions of the
feasibility study. These estimates will:

1. Be stated in current dollars of the year the study is
performed.

2. Provide a capital cost expenditure pattern for each
year of construction. (This will typically be expressed as
percentages of the lump sum cost estimate per year.)

3. Indicate whether the costs are subject to escala-
tion.

4. Provide funds for repair and replacement of major
equipment necessary for project operation through the
financing period. Power production information will be
developed by the hydrologic analysis in conjunction
with the turbine and generating equipment selections.
This analysis will establish the dependable capacity and
expected energy production for the development
options being considered The power marketing study
will establish the value of the project’s capacity and
energy output.

The sources and description of the information
required for the economic and financial analysis are
summarized in Table 2-1. ’

The power marketing information will frequently be
developed by the economic and financial analyst. This
information must be carefully prepared since it will be
used by the project sponsor in negotiations with the ulti-
mate purchaser. Whether the purchaser is the local
utility or one of its customers, the bulk of the informa-
tion required deals with the utility’s existing and plan-
ned operations. Some major sources of this information,
other than the utilities themselves, are listed and
described below.

1. Securities and Exchange Commission Form 10-K
— If a privately owned corporation publicly offers
securities (stock and bonds) and has over $1,000,000 in
assets, it is required to file an annual Form 10-K. This
form contains management’s detailed statement of
operations and audited financial statements and is a
valuable source of information. Note that municipal or
other public utilities are exempt from SEC reporting
requirements.

2. Federal Energy Regulatory Commission (FERC)
— Formeirly the Federal Power Commission, the FERC
requires detailed annual information from both publicly
and privately owned utilities. Exhibit I lists and
describes the forms electric utilities are required to sub-
mit and indicates how they may be ordered.

3. National Electric Rate Book (by state) — The rate
book, updated periodically, presents summaries of rate
schedules under which electric service is sold to general
ultimate consumers by all privately and publicly owned
electric utilities operating in urban areas throughout the
United States. Many libraries will have the Rate Book or

TABLE 2-1

INFORMATION REQUIRED FOR ECONOMIC AND FINANCIAL ANALYSIS

Source

(1) Facility Integrity

Information Supplied
Capital and recurring costs or other work required to allow power produc-

Capital and maintenance costs of site, water-ways, powerhouse and other

Investigation tion at an existing impoundment.
(2) Civil Facilities
Investigation appurtenant civil facilities.

(3) Electromechanical
Investigation

Capital, maintenance and operational costs of turbines, generators and
other electrical or mechanical equipment. Also required is the timing and

cost of future major repairs and replacements necessary for continued

operation.
(4) Hydrologic Study

Annual and seasonal energy production, year to year variations, and

dependable capacity. Existing water uses and rights and potential costs that
might be incurred to assure water availability.

(5) Power Market
Analysis

(6) Economic and
Financial Analysis

(7) Project Sponsor

Value of capacity and energy production from the project.
Cost of capital if not specified by sponsor, and general escalation rate.

Capital limitations and cost, cost of land or other right-of-ways, other

implementation costs (such as financial consultants) not included

elsewhere.

Economic and Financial Analysis
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it may be ordered from the U.S. Government Printing
Office.

4. State Public Utility Commissions and Public Ser-
vice Commissions — These are the agencies at the state
level charged with regulating utilities; as such, they are
important sources of information. It is common practice
to establish a formal proceeding to review supply plan-
ning, and the record of these proceedings will contain
much information on the utility.

5. Industry organizations — Two main industry
organizations that have useful information are the
Edison Electric Institute (90 Park Avenue, New York,
NY 10016} and the Electric Power Research Institute
(Box 10412, Palo Alto, CA 94303)

6. Moody’s Public Utility Manual — Most public li-
braries will receive this publication, which provides
investment-oriented information.

In some cases, the cost of financing available to the
project sponsors will be unknown and must be deter-
mined. Generally, large project sponsors will supply this
information, so it is the small sponsors, usually public
entities, that may be uncertain of their cost of capital.
Most of these sponsors will issue bonds to finance their
project; hence, the current bond yields will approximate
the appropriate cost of capital. Moody’s Bond Record
contains this information and is available in most public
libraries. The tax status of the bond interest payments
will be an important factor and is discussed in the sec-
tion on financial feasibility.

Public and Private Ownership

There are two important differences between public
and private project sponsors: (1) the taxes levied on pri-
vate project sponsors, and (2) the differing costs of
capital for the two types of owners.

Taxes levied on a privately owned project will effec-
tively increase the project cost and reduce its return
when compared to public ownership. Property taxes
levied on both real and tangible personal property will
result in a direct and escalating annual cost to the
project. Because of the definition of property, property
tax will be levied on virtually all of the capital cost of the
project, and it will usually amount to between 1.0 and
3.0 percent of the capital cost. A publicly owned project
will not have this cost

Private ownership entails a higher cost of capital than
does public ownership. State and local government
obligations (bonds) are unique in that their holder is
exempt from paying federal income tax on their interest
payments (D. F. Jacobs, 1972) with certain exceptions
contingent on the disposition of the power production.
These exceptions are discussed in Section 6. Many bond
issues are also exempt from income taxation by the
states in which they are issued, through they are seldom
exempt from the income taxes of other states. This
exemption allows governments to borrow through bond
issues at a lower rate than corporations whose interest

Economic and Financial Analysis

payments are not exempt from taxation. In addition, the
return on corporate equity is taxed on two levels, the
corporate income tax and individual income tax divi-
dends, pushing the cost of this component of the cor-
porate capital structure even higher.

Because of the difference in the cost of capital, which
can be as much as four to six percent, public entities will
generally find a capital-intensive project more attractive
than a private sponsor would. In small hydro, it is possi-
ble that a project infeasible for a private promoter will be
attractive to a public entity.

Dichotomy Between Economic and Financial
Feasibility

Economic justification deals primarily with the
development and application of benefit-cost analysis.
Benefit-cost analysis is an analytical procedure used in
the economic evaluation of a project to:

1. Indicate the relative merits of different project con-
figurations by identifying, measuring, timing and com-
paring project economic benefits and economic costs.

2. Determine the size, geographic scope and capacity
of projects.

3. Establish the construction priorities and develop
time schedules in energy service areas.

The objectives of the economic feasibility are met by
relating all project benefits to project economic costs.,
This relationship provides relevent comparisons of the
feasibility of different small hydroelectric configurations
at a given site.

Financial feasibility, on the other hand, takes into
account the availability of funds and relates financial
costs to project revenues. Project financial costs are
those incurred in constructing, operating, and maintain-
ing project work and facilities, and they are elements of
the total cost considered in the benefit-cost analysis
(economic feasibility).

Inflationary Effects

Inflation will affect both the capital cost of a project
and the continuing operations of the project. Further-
more, the effects of inflation must be explicitly
accounted for if funds set aside for future repairs and
replacement are to be sufficient to accomplish their pur-
pose.

In capital-intensive projects with multi-year construc-
tion periods, inflation will lead to substantial increases
in completed cost over the lump sum cost estimate. This
is because prices for components will escalate between
the time of the estimate and their actual procurement,
Section 4 illustrates this and shows how to incorporate
inflation in estimating completed cost. However, once
the project is completed, the repayment of capital costs
will generally remain fixed through the project life. In
contrast, other project annual costs and revenues will be
escalating with the result that capital costs become a
decreasing proportion of total cost. This tends to
enhance the cash flow later in the project but has little
effect in the project’s early years of operation.
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In performing the economic analysis of a project, it is
important that the effects of inflation on the cost and
benefit streams be handled in a consistent manner. It is
common for governmental agencies to use constant
price levels in effect at the time of the study. If this is
done, all future costs and benefits need to be expressed
in constant price level dollars.

While it is possible to adopt this posture for the
economic analysis, inflation must be accounted for in

the financial analysis to correctly determine cash flow.
Inflation can be explicitly incorporated in the cost and
revenue streams by escalating future values by the
expected inflation rate. It may also be desirable to esca-
late different portions of the projects at differing rates,
depending on the expected escalation rate. This is par-
ticularly true of energy values, since there is a general
expectation that the value of energy will rise faster than
the general inflation rate.

Economic and Financial Analysis 2-5
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SECTION 3
MARKET ANALYSIS

A variety of complex factors affect the marketability
and value of output from a small hydro project This
chapter provides guidance on establishing what the
project’s power production characteristics are and how
these characteristics relate to the value of the project.
Also, institutional considerations and potential market-
ing arrangements are considered

Institutional Factors

The ability to market power from a small hydro
project may be affected by institutional factors at the
federal, state and organizational level. This discussion
provides background information concerning these fac-
tors and is intended to highlight items important to the
marketability of small hydro power output.

Purchasing Utility  Under certain circumstances pri-
vate, or investor-owned utilities (JIOUs) may be less
inclined than public utilities to purchase output from
small hydro projects. This will be particularly true if the
plant has significant quantities of dependable capacity
and the total development cost is borne by the sponsor
The potential disincentive to I0Us for leasing capacity
from another organization has been discussed at length
in the economic literature (for instance, Alfred Kahn,
1971), and the explanations for this are briefly put forth
below.

Marketing power to investor-owned utilities may be
complicated, particularly if the project has significant
quantities of dependable capacity. Like any other busi-
ness enterprise, one of the objectives of an 10U is to
make a profit. In contrast to unregulated enterprises,
the amount of profit an IOU can make is limited by the
size of their rate base (capital assets) and the regulated
fair rate of return on this rate base. Consequently, to
show an earnings growth requires growth in the rate
base, which is primarily accomplished by the addition of
companyowned capacity. If the company were to lease
all of its capacity additions, there would be no earnings
growth; conversely, earnings growth can be maximized
by owning all capacity additions. For this reason, an
10U may not be inclined to purchase capacity and the
associated energy production. It should be noted that
this concept has yet to be empirically proven as a real
tendency.

Publicly and cooperatively owned electric utilities
encompass federal, state, municipal and cooperatively
owned organizations. They are discussed below
(excerpted from U.S. Senate Report No. 95-1292):

In 1975, there were 1,835 municipals, 946
cooperatives, 306 investor owned, 123 State and
county, 72 Federal and 22 industrial producers or
distributors. The type of ownership tends to vary
geographically. For example, in New England only
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2 percent of the capacity is publicly owned,
whereas in the East South Central Region 63 per-
cent is publicly owned. By and large, public owner-
ship tends to be more common in the Western
states. There are five major Federal organizations
which market power. The largest by far is the Ten-
nessee Valley Authority (TVA) followed by the
Bonneville Power Authority, Southwest Power
Authority, Southeast Power Authority, and the
Bureau of Reclamation. TV A is the largest electric
utility in the Unitéd States, and like the other
federally owned organizations, is primarily a
wholesaler.

The non-Federal public systems include
municipals and States. These often purchase their
energy from Federal installations, as well as from
investor-owned utilities. In some cases, they pro-
duce a portion of their energy requirements.

The most common form of non-Federal publicly
owned system is the municipal system. Included in
this group are several State-owned authorities. The
municipals vary from very small to quite large, as
in the case of the Los Angeles Department of
Water and Power. The State-owned systems tend
to be wholesalers operating hydro facilities, Some,
such as the Power Authority of the State of New
York, have both hydro and thermal power.

Cooperatives tend to be small in terms of number
of customers but also tend to have more circuit
miles in distribution facilities than do other
utilities. These utilities, owned by their consumers,
are located primarily in rural areas and are almost
always exclusively distributors. Some coopera-
tives, however, have joined together to create
generation and transmission (G. & T.) coopera-
tives. There are approximately 50 G. & T.’s in the
United States which generate approximately 27
percent of the cooperative requirement. Coopera-
tives obtain the bulk of their financing from a

Federal agency — the Rural FElectrification
Administration — usually at relatively low interest
rates.

The primary motivation of these organizations is to
deliver the lowest-cost service while meeting reliability
and other constraints. Marketing small hydro output to
these organizations should be relatively easy if it offers
the system a cost savings.

National Energy Act. The Public Utility Regulatory
Policies Act of 1978, one of the five sections of the
President’s National Energy Act legislative package, has
a number of provisions affecting small hydroelectric
developments. These provisions can be grouped as
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those concerning power marketing (discussed here) and
those providing funding for feasibility investigation and
construction (discussed in Section 6). The Public Utility
Regulatory Policies Act of 1978 contains provisions on
wheeling, which, in specific situations, could result in an
order from the FERC to the local utility to wheel power
on behalf of a small hydro producer.

Wheeling may be defined as an electric utility provid-
ing transmission services for another utility, power pro-
ducer, or power purchaser. If a small hydro producer
could wheel output to end users or other utilities, this
wider market might allow the power to be marketed

more successfully. Consequently, the possibility of

wheeling should be addressed in the economic and
financial investigation.

Sections 202 and 203 of the Act give the FERC

authority to order interconnection and wheeling of

power produced from a ‘‘small power production
facility’’ if such an order is in the public interest and
would:

a) Conserve a significant amount of energy,

b) Significantly promote the efficient use of facilities
and resources, or

¢) Improve the reliability of any electric utility system
to which the order applies.
Small hydro as defined herein qualifies as a ‘‘small
power production facility’’.

There are a number of restrictions on the FERC’s
authority but the most important one to small hydro is:
“No (wheeling) order may be issued...which provides
for the transmission of electric energy directly to an ulti-
mate consumer.”’

The FERC’s authority appears to be restricted to
wheeling power to organizations reselling the power.
State agencies, however, may have broader authority
than the FERC.

More important than the wheeling provisions are the
rules concerning the sale and purchase of power from
cogenerators and small power producers. Section 210
requires the FERC to prescribe rules that require
electric utilities to:

1. Sell electric energy to qualifying cogeneration
facilities and qualifying small power production
facilities, and

2. Purchase electric energy from such facilities.

The rules are prohibited from authorizing a small power

producer to make any sale for purposes other than
resale.

The rates for purchases by electric utilities are to be
set such that they:

1. Shall be just and reasonable to the electric con-
sumers of the electric utility and in the public interest,
and

2. Shall not discriminate against qualifying cogenera-
tors or qualifying small power producers.

The purchase rules are required not to exceed the

Economic and Financial Analysis 32

incremental cost of the electric uiility for alternate
electric energy.

Clearly, these regulations, when promulgated by the
FERC, will have an important impact on small hydro
power marketing. The small hydro power marketing
analysis must examine the regulations governing the
rates for purchases and interpret them in the context of
the project at hand. The regulations should be available
by the end of 1979 at the latest.

Regulatory Commissions. Early in the 1900s, the
electric utility business started being regulated at the
state level to protect the general public welfare. Regula-
tion in its modern form confers on the I0Us certain
advantages such as protection from direct competition
in its service area by another private utility, the right to
use streets and highways, and the right to condemn
property. There are also certain obligations and disad-
vantages that arise from regulations which include the
limitation of earnings, the obligation to serve all who
apply for service, and the prohibition against withdrawal
of service without regulatory approval.

The state-level organizations that oversee the inves-
tor-owned utilities (JOUs) are the Public Utilities Com-
mission or Public Service Commissions (PUC/PSC),
depending on the particular state. In some cases these
agencies have been placed in an overall state energy
agency that has a broader purview. To locate these agen-
cies, see the Directory of State Government Energy-
Related Agencies, National Energy Information Center,
Federal Energy Administration, 1975 or updated ver-
sions.

While one of the main concerns of the regulatory
commissions is limiting utility earnings to a fair rate,
their main objective is protecting the public interest by
seeing that the lowest-cost reliable service is provided.
In this role, the Commissions frequently examine
supply planning, managerial efficiency in general and
other pertinent subjects. Because of these respon-
sibilities, a PUC or PSC would likely intervene if an 10U
were to refuse to purchase small hydro power output
that offered the system a genuine cost saving.

It is recommended that the PUC/PSC in the state
involved be contacted early in the power marketing
assessment. The staff will be knowledgeable about any
applicable laws and other pertinent information on the
marketability of small hydro power in the state of the
project’s location.

Hydroelectric Capacity and Energy

There are essentially three types of hydroelectric
developments in the United States:

1. Run-of-the-river plants whose generation is solely
controlled by available flow as it occurs or is dictated by
some controlling concern, such as irrigation needs.

2. Storage plants where there is storage available for
use with the hydroelectric plant to control its power out-
put over more than a short period.

3. Pumped storageplant where reversible turbines are
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installed to use low-cost off-peak energy to pump water
to an upper reservoir where it is stored for subsequent
use to generate high-value peak-load power

Combined projects are ones with both storage and
pumped storage, and they have recently become more
common. As a general rule, small hydroelectric
developments will be run-of-the-river plants with little,
if any dependable capacity and widely varying annual
energy production.

The value of hydroelectric development is based on
two components — capacity and energy costs of the
most likely alternative developments, To establish the
value of a hydro project, the amount of alternate
capacity that the hydro development can substitute for,
or is equivalent to, must be determined, as well as the
cost of the energy the project will displace or replace.

Capacity. A large body of literature examines the
interrelated power system concepts of system reliability,
eifective load-carrying capability, loss of load probability
and other concepts. After maintenance and the prob-
ability of forced outages have been accounted for, the
portion of peak demand that a unit will carry at a stated
reliability level is termed the ‘*Effective Load Carrying
Capability”” (ELCC) There has been less discussion
concerning the amount of thermal generation capacity a
run-of-the-river plant can substitute for To establish
the capacity value of a small hydro project, this
substitute capacity is what needs to be determined.

The current FERC definition of ‘‘dependable hydro
capacity’’ is explained and presented in Figure 3-1. In
essence, dependable capacity is the amount of load a
hydroelectric plant can carry under adverse hydrologic
conditions during the period of peak system load. The
adverse hydrologic conditions are usually based on the
most adverse year of record. The period of peak system
load depends on the particular utility and may occur
during the winter or summer months.

This definition addresses two of the criteria necessary
for determining the amount of thermal capacity a small
hydro plant can substitute for. These are the annual flow
variability in the river and the most critical period for
the utility. The measure is conservative because no con-
sideration is given to the low forced-outage and mainte-
nance rates of hydro plants when compared to thermal
plants. It is also conservative to base the assessmert on
the most adverse year of record. Doing so may subject
the project to extremely stringent standards if the most
adverse year is a rare occurrence with frequency of less
than once in 100 years.

While capacity credits could be negotiated based on
the FERC definition, a number of adjustments in the
capacity credit may be justified. Several possibilities are
suggested below.

The FERC recognizes that the low forced-outage
rates for hydroelectric equipment, when compared to
thermal-based generation, may watrant a capacity credit
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to the hydro project (FERC, 1978). Average forced-out-
age rates are published periodically by the Edison
Electric Institute.

The FERC recommends that consideration of the par-
ticular utility in question should usually justify a
capacity credit of 5 to 15 percent due to low forced-out-
age rates and rapid emergency start-up for hydro
facilities. The FERC does not provide any guidance on
determining what is justified.

Another technique that might be used to account for
both adverse years and forced-outage rates is illustrated
in Figure 3-2. The power availability curve for a small
hydro plant can be constructed from daily stream flow
records during the operation study. The following pro-
cedure is applicable in cases where the project is likely to
have some dependable capacity.

1. The critical period of utility system load must be
established. This will generally include several months
on either side of the system peak.

2. The stream flow records during this period of the
year must be examined to establish if any of the periods
of low flow are extremely rare occurrences during this
period If so, excluding them from the record may be
justified.

3. With the stream flow records from 2 above, a
histogram of the daily power producible from the pro-
posed installation can be calculated.

4, The histogram can then be converted into the
power availability curve shown in Figure 3-2. Note that
the horizontal axis of the power availability curve is
equal to one minus the cumulative probability that the
capacity available will be less than or equal to the stated
capacity.

5. The forced-outage rate adjustment and its
rationale are clearly illustrated in Figure 3-2 by showing
the power availability curve for a thermal plant. Note
that this two-state on-and-off reliability model of a ther-
mal plant is the simplest and most commonly used. The
thermal-equivalent capacity can then serve as the basis
for negotiating capacity credits.

A slightly different procedure achieving the same
results would be to use the stream-flow records in 2
above to construct a flow-duration curve. This curve can
then be converted into the power availability curve.

The amount of dependable capacity atrived at by any
of the procedures described will almost always be less
than the generator nameplate rating. Depending on the
specific circumstances, assigning some value to the non-
dependable capacity may be justified.

Energy. Project energy production is the amount of
kilowatt-hours (kWh) input into the utility system or
delivered to a final user. The power factor of generation
can be an important factor in the value of energy, and,
hence, it should always be stated.

Because project revenues will ultimately be based on
the energy delivered to the ultimate purchaser, care
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SAMPLE--The sample is precented to avoid a lengthy explanation of the manner of preparation of Schedule 2

Schedule 2
SYSTEM HYDROELECTRIC DATA
A AGGREGATE DEPENDABLE HYDROELECTRIC CAPACITY AND POTENTIAL ENERGY.
This schedule need not be completed if there have been no changes affecting the data previously reported. In such
case the following notation should be made at the bottom of the page: “Data reported on FPC Form 12 for the
year 19 . ., correct as of December 31 of the year herein reported »’ Furnish data indicated below in accordance
with the instructions in paragraphs 1-5, page 7
ADVERSE FLOW CONDITIONS*
PLANNED USE OF STREAM FLOW AND SIORAGE MAGHINE CAPABILITY
Energy (Megawatt-hours) (Megawatts)
Storage Plants Dependable
Month Run-of-River Total Available in Storage End Run-of-River Storage Capacity
Natural flow Storage' Plants (Col. 2 plus col 3 of Month? Plants Plants (Megawatts)
lus col 4)
&3] (2 3) (4) ? (5) (6) ) 8) 9
Dec XXXXXX XXXXXX XXXXXX XXXXXX 2,800 XXXXXX [ XXXXXX|XXXXXX
Jan 33,200 (2,000) 12,500 43,700 4,800 400 126 3 148.0
Feb 32,000 (3,100) 11,900 40,800 7,900 400 1275 149.0
Mar 48,900 (14,200) 18,900 53,600 22,100 40.0 1330 1650
April 52,700 (17,700) 21,700 56,700 39,800 395 1380 176 .0
May 47,100 (11,700) 18,200 53,600 51,500 400 1400 1710
June 39,700 (3,500) 15,400 51,600 55,000 400 140.0 166 .0
July 22,800 0 8,400 31,200 55,000 40.0 140.0 1490
Aug 11,000 11,600 4,200 26,800 43,400 400 1390 1420
Sept 13,200 9,800 4,900 27,900 33,600 40.0 136 6 1435
Oct 14,300 15,600 5,600 35,500 18,000 400 131.5 1410
Nov 19,900 11,100 7,700 38,700 6,900 40.0 127 2 1410
Dec 27,900 5,400 10,500 43,800 1,500 400 125.0 143 0
Y ear 362,700 1,300 139,900 503,900 XXXXXX XXXXXX|XXXXXX| XXXXXX
AVERAGE OR MEDIAN FLOW CONDITIONS*
PLANNED USE OF STREAM FLOW AND STORAGE MACHINE CAPABILITY
Energy (Megawatt-hours) (Megawatts)
Storage Plants Dependable
Month Run-of-River Total Available In Storage End Run-of-River Storage Capacity
Natural flow Storage' Plants (Col. 2 plus col 3 of Month® Plants Plants (Megawatts)
lus col %
§%) (2) 3) 4) T ’ (6) ) (8) 9)
Dec XXXXXX XXXXXX XXX XXX XXXXXX 1,500 XXXXXX |XXXXXX| XXXXXX
Jan 47,300 (7,100) 19,400 59,600 8,600 400 1280 1610
Feb 43,400 (6,800) 18,200 54,800 15,400 400 1305 164 5
Mar 58,200 (13,600) 24,600 69,200 29,000 36.5 1355 172.0
April 62,700 (17,400) 25,500 70,800 46,400 36.0 1397 175.7
May 58,200 (6,300) 24,000 75,900 52,700 370 1400 177.0
June 51,600 (2,300) 21,600 70,900 55,000 395 140.0 1775
July 42,000 0 18,200 61,100 55,000 400 140.0 171.0
Aug 36,300 2,300 14,800 53,400 52,700 400 140.0 165.0
Sept 33,500 6,600 13,700 53,800 46,100 40.0 1395 1635
Oct 35,200 15,200 14,700 65,100 30,900 40.0 1360 161.5
Nov 39,000 13,100 15,900 68,000 17,800 400 132.0 155.0
Dec 41,200 15,000 17,100 73,300 2,800 400 1255 150 5
Year 549,500 (1,300) 227,700 775,900 XXXXXX XXXXXXK| XXXXXX| XXXXXX
! When energy is drawn from storage show as a positive quantity When eriergy is stored show as a negative quantity in parentheses
* Change in storage based on entry in column 3
*NOTE —The method or basis used in determining the above data for adverse flow and average or median flow conditions should be explained
in accordance with instructions 2 and 3 of this schedule
SAMPLE EXPLANATION
Notes:
Data reported under Adverse Flow Conditions ’ are based on stream flows in the calendar year (19 ), which is the most
adverse year of record The critical flow period normally occurs during the last 6 months of the calendar year
Data reported under ‘ Average or Median Flow Conditions’’ are based upon the average of monthly stream flows during the
period of record (19,19, ... )
(6-a) Rev. (12-75)
Figure 3-1. Source: FERC Form 12, “‘Power System Statement,’’ for the year ended December
31,1977
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Power System Statement of. . . . . .. .. ... for the Year Ended December 31, 1978

Schedule 2—Continued
SYSTEM HYDROELECTRIC DATA—Continued

1 The data to be reported in Part A of Schedule 2 are intended to present a realistic picture of the potential
energy and capacity of system hydroelectric plants under the specified flow conditions The data to be reported should
be based upon an assumed schedule of system operation that would permit serving the maximum possible annual
system load with existing facilities and arrangements for purchase or sale of firm power, assuming a continuance of the
relative seasonal and hourly variations of load that occurred during the year of this report. Contracts for purchase or
interchange of off-peak energy also may be taken into account In determining the magnitude of the seasonal load that
could be carried by the system and the necessary scheduling of system operations, provisions for necessary maintenance
scheduling and reserve capacity to be supplied by own system should be taken into account Explanatory notes relative
to Schedule 16 should be referred to in connection with this schedule If the seasonal and hourly variations in load are
expected to change materially, the information given may be based on the expected load shape, explaining in a foot-
note.

2 The information to be reported under adverse flow conditions should, in general, be based on stream flows
equivalent to the year giving the most adverse flow conditions of record during the critical period of system operation
Where stream-flow records indicate that the most adverse flows are not likely to occur except at long intervals of time
and are likely to be of a very short duration, the figures used in determining the capacity and energy available from
hydro plants may be modified, treating such abnormal limitations as emergency conditions to be covered by the reserve
capacity ; such modifications, however, should be fully explained. Any system which maintains comparable data based
on flows during a year which would give the minimum potential annual output, or based on minimum flow or output
for each month, may report on whichever basis it believes will present the most realistic condition for its system The
basis of reporting should be fully explained in the space provided for notes with addenda sheets if needed

3. Information to be reported under average or median flow conditions may be made on the assumption of the
recurrence of flows equivalent to a year which would give the average annual potential output or may be based on
median flow or output for each month, or average flow or output for each month, whichever it is believed will present
the most realistic condition for its system The basis of reporting should be fully explained in footnotes or addenda
sheets

4 “Run-of-river” refers to those plants whose operation cannot be regulated over a period of more than a few
hours, either from storage at site or above, but whose operation is, in general, controlled by the volume of flow which
must be utilized as it occurs or be wasted

“Storage” refers to those plants whose operations can be varied as desired because of storage at site or above. This
regulation may be weekly, monthly, or seasonal

“Total available energy” refers to the maximum potential output of the existing hydro-generating facilities on the
basis of the regulated stream flow, regardless of whether such output can be fully utilized in serving system load or by
transfer to other systems. The monthly distribution of storage energy should be such as to permit the serving of the
maximum annual peak load under the conditions outlined in instruction 1. However, where required releases for
irrigation, navigation, flood control, and other water-use are controlling, the monthly distribution of available energy
should reflect the effect of such requirements and full explanation should be given in footnotes

“Capability” in any month is the machine capability under the most adverse conditions to be expected in that
month under the assumed flow conditions without respect to the energy available or the characteristics of the load
to be sérved other than the power factor conditions normally to be expected

“Dependable capacity’ in any month is that capacity that can be relied upon for serving system load and firm power
commitments on the basis of the energy available in that month and its use as limited by the characteristics of the load
to be served

5. Dependable hydroelectric capacity as used in this power system statement is intended to be the capacity value
of the system hydroelectric plants in serving, together with the other available system capacity, the maximum annual .
system peak load under the conditions given in instruction 1. For any specified period it represents, on the basis of
complete utilization of available storage energy over the critical flow periods, the difference between the peak load for
that period and the maximum other capacity required Where a portion of storage energy is scheduled to be held as a
reserve for emergency use only, the dependable capacity should also include the reserve capacity value of such energy
reserve The dependable hydroelectric capacity shown in column 9 under adverse flow conditions for the month of
annual peak demand may not necessarily be the same as the annual dependable hydroelectric capacity to be reported
in schedule 18, as the annual peak demand may not occur in the month requiring the maximum capacity from other
than system hydroelectric plants. This is illustrated by the following graph:
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Figure 3-1. (continued)
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ty curves for small hydro and thermal plants.

3-6 Vol.

Il




should be taken to account for all losses up to the point
of ownership transfer. If extensive transmission is
required, these losses must be included as well as step-
up transformer losses, generator and speed increaser
losses, and station service use. Also, a loss due to forced
outage should be included to avoid overstating the
average annual energy output,

Energy production will vary on a yearly, monthly, and
daily basis, The effects of daily fluctuations and the
impacts on dependable capacity have already been dis-
cussed. Annual and monthly variability can be
porirayed in a number of ways. One desirable method is
to consider the annual energy production as a random
variable and construct annual production histograms
and cumulative probability distributions as in Figure 3-
3. This curve can be useful in assessing project risk and
will be discussed in Section 6 on financial feasibility.

The seasonality of power production can be portrayed
as in Figure 3-4. This curve is useful for assessing in
broad terms how the project output would fit into a
utility system and the effects of adding capacity. For
example, if the project of Figure 3-4 were located in a
summer peaking utility, it is apparent that adding to
installed generation capacity will do little to increase the
project’s ability to serve system peak-load.

At a minimum, the average annual energy production
and its annual variability must be established. Addi-
tional information on the seasonality of energy produc-
tion can be helpful both in project design and in estab-
lishing whether dependable capacity is present. To
establish that the project has dependable capacity, very
detailed energy production estimates will be required,
possibly on a daily basis.

Peaking Capability. For a small hydro plant to serve
as a peaking unit, it must incorporate storage. Opera-
tionally, water is accumulated for release through the
turbines during the hours of peak demand. The storage
capability allows the energy available to be scheduled at
the time of maximum value.

When the small hydro project does have working
storage available for power operations, a peaking opera-
tion may be explored as a way of increasing project
value. The dependable capacity from a storage reservoir
which is to be operated as a peaking unit can be estab-
lished using the FERC definition (Figure 3-1). Note
that this is not an easy task. Even if no dependable
capacity is present, operating the storage reservoir and
powerhouse as a peaking unit will generally increase its
value to the local utility over what it would be in run-of-
the-river operation. Storage capacity, turbine capacity
and the flow regime must be integrated into a model by
the hydrologic study to determine the amount of energy
that may be shifted to peak periods. The value can then
be calculated as indicated later in the discussion of the
value of energy to a utility purchaser.

Value of Capacity and Energy
The value of small hydroelectric capacity and energy
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output is based on the costs of equivalent alternatives
available to the prospective power purchaser. Conse-
quently, the value of a small hydro project can vary
widely, based on the potential purchaser. This dis-
cussion first considers in broad terms how the value of a
project is established and then presents detailed exam-
ples of how the value of power can be calculated for an
industrial and utility purchaser.

Opportunity Cost as a Basis for Establishing Small
Hydro Project Value. The value of a small hydro project
is determined by the power purchaser’s opportunity to
reduce existing costs while maintaining the same level
of service. To do so, equivalent situations with and
without the small hydro project are determined. The
difference in total cost between the two cases, without
assigning any cost to the small hydro project, will be the
project’s maximum value to the purchaser. The
difference in total cost, after including the actual cost of
the small hydro project, is the net value of the project
and represents the opportunity cost of foregoing the
project.

The proviso of maintaining the same level of service
is important. While small hydro may allow a purchaser
to reduce some costs, such as power purchases or fuel
expenditure, maintaining the same level of service
required without the small hydro project may entail
additional costs such as standby service or generation
capacity. The project information developed on depen-
dable capacity and annual energy production allows the
equivalent situations to be determined.

Since the project’s value is established by looking at
the power purchasers and the costs of their alternatives,
a particular purchaser can significantly alter a project’s
value. Some general observations in this regard follow.

Industrial or Other End User Power Purchasers. General-
ly, industrial electric users require electric service more
reliable than that afforded by the typical run-of-the-
river small hydro project. Consequently, they will have
to maintain some sort of a standby service arrangement
with the local utility. This type of service may increase
or decrease the electricity displacement benefits of the
small hydro project, thereby altering the incremental
cost savings attributable to small hydro.

Utility Systems. In general, utilities with higher-cost
fuels will find small hydro projects have higher value to
them because of the cost of the fuels displaced by small
hydro. This is particularly true of utilities using oil to fire
base load units. Some Eastern and Western utilities, by
necessity, will be generating baseload energy with oil for
a number of years.

Publicly owned utilities will place less value on
capacity than I0Us This is because their lower cost of
capital and exemptions from property and income taxes
significantly lower their fixed costs when compared to
10Us.

User as Power Purchaser. The gross value of small
hydro output to an end user, such as an industrial plant,
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municipality or irrigation district, is the maximum cost
reduction the purchaser can achieve without assigning
any cost to the small hydro plant. In this calculation
make certain the user is receiving the same level of ser-
vice before and after the addition of small hydro output.
If not, the cost comparison will be between different
situations and will not truly reflect the value of small
hydro. The purchaser will find the small hydro output
attractive if the actual hydro costs are less than the max-
imum cost reduction. If so, a net cost reduction will be
achieved.

Information about the small hydio project’s output,
the user’s load characteristic and the applicable utility
tariffs is necessary to establish the value of small hydro
to the user. In many cases, the average monthly electric
production from the small hydro plant will be sufficient
for the analysis. Using average data will lead to
“‘expected” benefits, but yearly variations in these
benefits must be expected. The user load should be
readily typified either through utility or user-metering
records. The utility tariffs are also accessible from a
number of sources. The National Electric Rate Book
gives summaries by state of utility rates nationwide. The
state level regulatory commissions will have detailed
rates and the local utility will also supply any necessary
rate information.

The following example demonstrates the calculation
of the maximum value of a small hydro project to an
industrial purchaser. The example is simplified but con-
tains all the essential elements that need to be
accounted for Figure 3-5 specifies the load charac-
teristics of the industrial purchaser and the average
monthly power production of the small hydro project
Also shown is the minimum monthly power production

from the hydro plant. This value will determine the bill-
ing demand. The industrial plant is assumed to have a
continuous demand of 5,000 kW. The small hydro pro-
ject has maximum production in the winter months and
drops to zero during the summer. No dependable
capacity is present. Figure 3-5(c) shows the industrial
purchaser’s demand on the utility system after including
the small hydro power

A simplified utility tariff for general and standby ser-
vice is given in Table 3-1. A common type of rate, the
Hopkinson demand rate, with flat demand and energy
charge has been assumed (for more information on
rates, Caywood, 1972). Typically, a flat monthly
customer charge is present, but has been left out for
simplicity.

Two other common rate provisions are provided.
Minimum charges are frequently levied and may be
calculated in a number of ways. In this case, the
minimum bill is based on the maximum amount of
demands. A billing demand ratchet has also been
included. This clause associates the billing demand to
the highest demand in the last X months where X may
be between 2 and 12, or on the average demand over
some time period or on a percentage of these two. The
effect of a billing demand ratchet is to increase démand
charges to a customer.

Table 3-2 and 3-3 calculate the annual utility-supplied
electricity cost to the industrial purchaser with and with-
out the small hydroproject. With all other things equal,
the difference in total annual costs, $587,300, is the
maximum value of the small hydro output to the
industrial user. Note that on a per K¥Wh basis, this value
is 3.83¢ per kWh, which is greater than just the cost of

TABLE 3-1
SIMPLIFIED RATE SCHEDULE

GENERAL SERVICE

Rate:
Demand Charge:
$6.00 per kW demand per month
Energy Charge:
3.5¢ per kWh

Minimum Bill: The demand charge on 10 percent of maximum demand

Billing Demand: The maximum 15-minute measured demand during the month, but not less than 90 percent of the
highest demand in the preceding three months. (Note: This type of clause is known as a billing demand ratchet clause )

STANDBY OR AUXILIARY SERVICE

Contract Demand: The maximum demand the customer will place on the utility system. The utility will not meet a
demand higher than the contract demand.

Rate: Same as general service,

Minimum Bill: $3.00 per kW of contract demand
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purchaser.
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the energy displaced. This will not always be the case,
and only the facts of the individual situation will deter-
mine the results.

Utility as Purchaser. The correct way of determining
the value of a small hydro project to a utility is to deter-
mine the reduction in total system cost that would result
from adding the small hydro plant to the utility system,
without assigning any cost to the smail hydro project. To
be valid, the comparison must be between like systems
before and after the small hydro addition.

A small hydro project will displace fuels, and if it has
dependable capacity, it wil! reduce the need for new
utility investment. Some operational cost savings may
also be possible. These cost reductions can be reasonab-
ly approximated by considering a simple production cost
model of utility generating units. In the following
material, the production cost model will be explained
and the connection between the type of hydro develop-
ment and the appropriate production cost will be dis-
cussed. The value of the small hydro plant will then be
calculated as the cost savings indicated by the produc-
tion cost model.

The basic production cost model of thermal eectric
generation is composed of three components: capital
costs, fuel costs, and operaticn and maintenance costs.

(For more information, see Sullivan, 1977, or the draft
Hydroelectric Power Evaluation, Federal Energy
Regulatory Commission, August 1978.) This is:

TC; = CC; + FC; + OM;

where:
TC; = Total cost of generation type i
CC; = Capital associated costs
FC; = Fuel costs
OM; = Operation and maintenance

Capital Associated Cosis. 1t is common practice to
calculate the annual fixed costs per unit of generating
capacity by specifying a fixed charge rate as a percentage
of capital cost The annual capital cost per unit of
generator type i is then:

CC; = FCRX]
where:
FCR = Fixed charge rate
L = Investment per unit of capacity i, $/kw

The fixed charge rate is composed of five components:
1. The weighted average cost of new capital.
2. Depreciation or amortization.
3. Insurance.
4. Ad valorem or property taxes.

TABLE 3-2
EXAMPLE INDUSTR!AL GENERAL SERVICE ANNUAL CHARGES

Maximum
Actual Billing Energy
Demand Demand {sed
Month kw) {kw) {.0%kwh
D 2) 3) 4)
January 5000 5000 37
February 5000 5000 336¢
March 5000 5000 3.72
April 5000 5000 360
May 50n¢ 5000 37,
June 5000 5000 3.60
July 500¢ 5000 372
August 5000 5000 370
September 5000 5006 3.60
Celober 5000 56:) 372
November 5000 S000 3.60
December 5000 5000 272
TOTALS 43.80

Demand L Energy 2 Total 3
Charge Charge Charge
3 ($) $)

(5) 6) (N
8 30,000 $ 130,200 $ 160,200

30,000 117,600 147 600
30,000 130,200 160 200
39,000 126,000 156,000
30,000 130,200 161,200
30,000 126,000 156,000
30,000 130,200 160,200
30,000 130 200 160,200
30,000 116,000 156,000
30,000 130,200 160,200
3C.000 126,000 156,000
30,00u 130,200 160,200

$360,000 $1,533,000 $1,893,000

1/ Calculated as Billing Den:and, column (3), times General Service Demane Charge, $6/hr
Caiculated as energy used, column (4), times energy charge, 3.5¢/kWh

3/ Sum of (5) + (6), orthe minimum bill

Assumptions
1. Demand as in Fegure 3-5(aj
2. Rate schedule in Table 3-1

3. Minimum bill = .1 X5000 kW X$4/kW = $2,000 per month

Economic and Financial Analysis

3-12

Vol. 1



5. Income taxes (federal, state or local).
As a general rule, the cost of capital and depreciation
will be the largest components of the fixed charge rate.

Accurately calculating the fixed charge rate for a
utility from basic financial data is difficult. For this
reason, it is recommended that the appropriate fixed
charge rate be obtained by contacting the local utility or
state regulatory commission.

Fuel Costs. The annual fuel cost of operating unit i for
t; hours in the year is given by the linear approximation:

FCi = HR; X EC; X ;

The heat rate used can be based on generic heat rates
or the actual values for the utility in question. Generic
values by type of plant and fuel are available from
numerous sources. A few examples are the FERC,
Edison Electric Institute, Electric Power Research
Institute and trade journals. The actual values of a
specific utility’s existing plants are also available in the
annual FERC Form 12 filed by all utilities and in SEC
Form 10-K filed by publicly traded investor-owned
utilities (see Exhibit D).

Operation and Maintenance Costs. O&M costs,
exclusive of fuel use, are usually broken into fixed and
variable components.

Many factors, such as kind of plant, location, size,
plant factor, operational plan, and age affect the O&M
costs. These costs are generally much less than fuel and
capital costs.

Because small hydro plants have a capacity of 15 MW
or less and will usually be run-of-the-river, utility
system O&M cost reductions will be small if they exist.
As a general rule, in calculating the value of a smali

‘ TABLE 3-3
EXAMPLE STANDBY SERVICE ANNUAL CHARGES FOR
INDUSTRIAL USER PURCHASING SMALL HYDRO OUTPUT

where:

HR; = the heat rate of unit i defined as the number
of Btu‘s of energy input required to produce
one kWh.

EC; = the energy cost of the fuel used in unit i
expressed in $/Btu

t = hours of operation of unit i in the year.

Maximum
Actual Billing Energy

Demand Demand Used

Month (kw) kw) {106k wh)
(1 ) 3) )
January -0- -0- -0-
February 4000 4000 2.02
March 4000 4000 2.23
April 4000 4000 2.16
May 5600 5000 3.72
June 5000 5000 3.60
July 5000 5000 3.72
August 5000 5000 3.72
September 4000 45005 216
October 4000 45005 2.23
November 4000 45005 2.16
December 3000 36005 0.74
TOTALS 28.46

Demandl Energy? Total3
Charge Charge Charge
$) %) (€3]

Q) (6) N
-0- -0- $15,0004
24,000 $ 70,700 94,700
24,000 78,050 102,050
24,000 75,600 99,600
30,000 130,200 160,200
30,000 126,000 156,000
30,000 130,200 160,200
30,000 130,200 160,200
27,000 75,600 102,600
27,000 78,050 105,050
27,000 75,600 99,600
21,600 25,900 47,500
$294,600 $966,100 $1,305,700

1/ Calculated as Billing Demand, column (3), times General Service, Demand Charge, $6/kW.
2/ Calculated as energy used, column {4), times energy charge, 3.5¢/kWh

3/ Sum of (5) + (6), orthe minimum bill.
4/ Minimum bill effective.
5/ Billing demand ratchet clause effective.

Assumptions
1. Demand as in Figure 3-5(c)
2. Rate schedule in Table 3-1

3. Minimum bill = $3/kW X 5000 kW = $15,000 per month

Economic and Financial Analysis
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hydro project to a utility system no cost saving for O&M
should be assigned.

This type of production cost model is used by utilities
in power system planning at both simple and extremely
sophisticated levels (Knight, 1972). A basic application
is to generate linear cost curves for electric production
from different generating technologies. These cost
curves, and their application for determining target
amounts of generating capacity of each type, are shown
in Figure 3-6.

Levelized Cost Ultilities will frequently make com-
parisons between generation technologies based on
levelized annual costs. The technique is used to account
for differences in the rate of escalation of total costs for
the different production alternatives. While it will
generally be unnecessary to use levelizing procedures to
establish the value of small hydro plants, the technique
will be outlined here for completeness

Levelized annual cost of an alternative is calculated
by first projecting the total annual costs for the life of the
alternative using the best estimates of escalation in
energy and other costs. This escalating cost stream is
converted into a constant annual cost by finding the
pesent value of the cost stream in the first year of opera-
tion and then calculating the constant annual cost over
the project life that is equivalent to the present value of
the cost stream. The appropriate interest rate to use is
the company’s weighted average cost of capital. This
constant annual cost equivalent to the escalating actual
cost stream is known as the levelized cost.

Time of Day. Figure 3-7 shows how the type of
generating units are used to meet daily demands. The
unit-cost lines in Figure 3-6 shown that the greatest
decrease in cost for an hourly reduction in operation is
for peaking units, then intermediate sources, and final-
ly, baseload units. This is because the fuel-cost compo-
nent of generation is arrayed in this order.
Mathematically, this is shown by noting that for each
generation type:

dTCy/ 0t =HR; XEC;

From Figure 3-7, it is also apparent that the value of
replacing a unit of energy is a function of the time of
day. This is why hydro is used whenever possible as a
peaking unit to replace the highest-cost energy.

The characteristics of the hydro project will determine
the type of thermal unit it can substitute for or the value
of energy it can displace. If the project has dependable
capacity, then the project will have both capacity and
energy value to the utility. If no dependable capacity is
available, only energy displacement value will be possi-
ble.

Run-of-the-River Projects In the typical run-of-the-
river project with no dependable capacity, the time or
source of energy a small hydro project will be replacing
will generally be unknown. The minimum value of

Economic and Financial Analysis

energy displaced will be the energy cost of the most cost-
ly baseload source. The example following this section
will illustrate this calculation.

Rather than using this minimum value for the energy
displaced, an alternative and more accurate method is
applicable if the energy production from the hydro plant
is fairly randomly distributed throughout the year. The
method is to determine the amount of time that each
major generation type is the marginal (most expensive)
energy source. These times can then be used to calculate
a weighted average fuel displacement value for the
system. With information as shown in Figure 3-8, this is
a feasible technique in small hydro analysis.

Projects with Peak Power. 1f peaking power is present,
the amount of energy produced on peak must be deter-
mined. The value of the energy will then be based on
the energy displacement of the thermal peaking unit.

The balance of the project’s energy production can
be valued in the same manner as in run-of-the-river
projects.

To summarize, the maximum value of small hydro to
an electric utility is the reduction achievable in total
system costs without assigning any cost to the small
hydro project. This value is determined by the produc-
tion characteristics of the small hydro project and the
production costs of the utility.

Example of Utility Power Value Calculation. The
following example illustrates how the value of power
from a small hydro plant is calculated. To establish the
value of power, information about both the small hydro
project and the utility must be specified.

Small Hydroelectric Project A typical run-of-the-river
plant has been assumed for this example, with the
following characteristics:

Installed capacity 7.5MW

Plant factor 49%

Average annual energy 32.2 million kWh
Peak production February to August
Dependable capacity None

Electric Utility. The electric utility is assumed to be a
major utility with a 6000 MW summer peak and a lesser
winter peak. Figure 3-8 is assumed to be the company’s
load-duration curve. Tables 3-4 and 3-5 summarize per-
tinent information typical for such a utility. This infor-
mation would be available for an actual utility in the
FERC publication Steam Electric Plant Construction and
Annual Production Expensesand SEC Form 10-K.

Value of the Small Hydro Project. Since the smail hydro
project has no dependable capacity, its value is based on
the cost of the fuels it can displace. The energy costs for
each type of fossil-fired generation are calculated below
using the information in Tables 3-4 and 3-5. These costs
are the plant heat rate times the cost of fuels expressed
in the correct units. This is:

Vol. 11
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Figure 3-6. Basic application of production cost curves to power system planning.
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Average Heat Rate

Plant Type (Btu/kWh)
Coal-fired steam 9,409
Combined cycle 9,044
Gas turbines 13,777

From the load duration curve, Figure 3-8, at a
minimum the small hydro plant would displace energy
from baseload coal-fired units. Therefore, the minimum
value of the small hydro energy is 1.35¢/kWh.

However, the value of this small hydro project is prob-
ably higher than this because it will frequently be dis-
placing higher-cost electricity than that from the coal-

Fuel Cost Energy Cost
(¢/million of Electricity
Biu) (¢/kWh)
143.4 1.35
276.5 2.50
276.5 381

fired units. Making the assumption that the small hydro
output occurs randomly with respect to the load-dura-
tion curve, the small hydro plant will be displacing
energy from the three sources in proportion to the time
these sources are the marginal energy source. From
Figure 3-8, it is seen that gas turbines are the marginal
source 16 percent of the time, combined cycle units 44

TABLE 3-4
EXAMPLE UTILITY POWER PLANT HEAT RATES

Baseload generation — coal-fired steam plants

Capacity Heat Rate
Plant Name (MW) (Btu/kWh)
Coal - 1 600 9700
Coal -2 1100 9200
Coal - 3 600 9500
2300
Weighted average heat rate = 9409 Btu/kWh
Intermediate generation — distillate-fired combined cycle
Capacity Heat Rate
Plant Name MW) (Btu/kWh)
CC-1 625 9200
CC-2 675 8900
1300
Weighted average heat rate = 9044 Btu/kWh
Peaking Units — distillate-fired gas turbines
Capacity Heat Rate
Plant Name MW) (Btu/kWh)
GT-1 450 16,100
GT-2 550 13,750
GT-3 450 14,250
GT -4 700 12,000
2150

Weighted average heat rate = 13,777 Btu/kWh

TABLE 3-5
EXAMPLE FUEL COSTS
Coal Distillate
Year $/ton ¢/million Btul/ $/bbl ¢/million Btul/
1972 10.70 48.6 525 90.8
1973 11.06 502 5.38 93.1
1974 14.72 66.9 9.35 161.5
1975 19.50 88.6 11.86 208.8
1976 2379 108.1 13.04 229 8
1977 27.23 123.8 15.09 266.7
1978 31.55 143 .4 15.98 276.5

17" Assuming coal with 22.0 million Btu/ton
2/ Assuming distillate with 5.78 million Btu/bbl
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Figure 3-7. Weekly load curve of a large electric utility system.

Economic and Financial Analysis 3-17

Vol. 11



% of Time Energy Source is Marginal Source

|
; l g
444 0 404

100 |

15
12% COMBINED CYCLE

S 50
& 42% COAL
25}
44% NUCLEAR
0 | | | |
0 20 40 60 80 100

Percent of Annual Hours

Figure 3-8. Annual load duration curve with energy by source superimposed {used in example utility power value calcula-
tion).

Economic and Financial Analysis 3-18 Vol 11




percent of the time, and coal fired steam units 40 per-
cent of the time. These percentages can be used to
calculate the weighted average value of small hydro out-
put as:

(16 %x3.81) + (44%x2.50) + (40x1.35)
2.25¢/kWh

As is seen, this procedure substantially and justifiably
increases the small hydro value.

|

Value

Regional Power Values

The Federal Energy Regulatory Commission (FERC)
has prepared generalized estimates of the value of
electrical power on a regional basis. These estimates can
be used for preliminary analysis of the value of energy
and capacity from small hydro installations.

The regional power values can be obtained from the
FERC’s five regional offices whose locations and ser-
vice areas are listed in Exhibit L.

Market Arrangement

The manner in which small hydro output is marketed
is an important factor in determining if financing will be
available and at what price. It is imperative that adequ-
ate financial and legal consultation be obtained prior to
entering into the actual power marketing agreement.
Section 6 discusses the role of the financial advisor in
more detail.

The capital investment in small hydro projects will be
committed for a long period at a fixed price. Conse-
quently, the ‘‘investors’ will be unwilling to assume
any business or technical risk associated with the proj-
ect. As used here, ‘‘investors’” may be a bank,
insurance company or other long-term lenders, in addi-
tion to bond purchasers. This means the principal and
interest obligation associated with project financing
must be assured with a high degree of certainty. This
assurance can be obtained in four ways: (1) Occasionally
the project will have sufficient financial strength on its
own so that the risk to investors is acceptable without
any guarantees; (2) Guarantees can be given by a credit-
worthy sponsor; (3) A credit-worthy power purchaser
can “‘guarantee’’ the debt service through the market-
ing agreement; or (4) A third party, such as a state
government, can guarantee the debt service. These

guarantees will generally be required for the duration of

the project’s financing.

Time-of-Day Considerations. The section titled
“Utility as Purchaser’ discussed utility production
economics in basic terms and the incremental cost of
electric energy as a function of the time of day. If the
small hydro project being analyzed has significant quan-
tities of storage available for peaking power generation,
then the marketing agreement should account for the
higher value of energy displaced. This could be done in
a simple fashion by adjusting a flat rate per kWh charge.
At the other end, a complex rate, fully reflecting time-
of-day factors, could be negotiated for use with a time-
of-day meter to record energy production.

Economic and Financial Analysis

Whatever method is used, the value, if any, associ-
ated with project peaking capability should be estab-
lished and set forth in the market analysis

This discussion will examine four potential types of
marketing agreements and examine the security effects
of these arrangements on project financing.

Cost Plus a Percentage of Debt Service. This is a
potential marketing arrangement which has been used
to secure financing for hydroelectric development in the
United States. An example of this arrangement is the
June 1978 issue of $10,000,000 of revenue bonds by the
Public Utility District No. 1 of Chelan County,
Washington, to expand the Columbia River-Rock
Island Hydroelectric System (Public Utility District No.
1 of Chelan County, Washington, 1978). A portion of
the output was sold under this type of power contract to
Puget Sound Power and Light Company.

The power purchaser and the project sponsors enter
into a ““power contract’ for sale of all or a portion of the
electric output. The essential elements of this contract
are that the project sponsor agrees to deliver all or a part
of the output, and, in return, the purchaser agrees to
pay, ““in all events™, a pro rata share of ‘‘all costs’ of
the plant, plus an additional fixed petcentage of the pro
rata share of debt service. “All costs’ include operating
costs; taxes and other payments to governmental agen-
cies; debt service, including principal and interest;
amounts required for repairs and replacements not pro-
vided for otherwise; and any other costs associated with
ownership, operation and maintenance allocated along
the percentage of output sold.

The security of debt service repayment is obtained
through the operation of the in-all-events clause. Such a
clause will contain language similar to this:

Payment to be made whether or not the operation
of said facilities is interrupted, suspended, or
interfered with, in whole or in part, for any cause
whatsoever during the term of the power contract.

With this type of clause included in the contract and a
credit-worthy power purchaser, the holders of the proj-
ect debt will have sufficient security to place their funds
in the project and allow implementation.

The major drawback to this type of agreement is that
the compensation to the project sponsor is fixed at a
constant amount for the duration of the power contract,
which may be for 30 to 40 years. With the consensus
expectation that the real value of electric and other
forms of energy will be increasing, the fixed percentage
of debt service may become a lesser percentage of the
true value of the electricity. While the arrangement may
be fair at the start of the power contract, as time passes
the power purchaser may receive a disproportionate
share of the benefits. The next type of arrangement dis-
cussed can rectify this problem.

Cost Plus a Royalty Subject to Escalation. This type
of power contract has been used to secure financing for
hydroelectric development in the U.S. An example is

Vol 11



the July 1978 issuance of $7,800,000 of revenue bonds
by Nevada Irrigation District (NID, California) for con-
struction of a powerhouse at Rollins Reservoir, which is
a part of NID’s Yuba-Bear River Development. The
security for the bonds was obtained through a power
contract with Pacific Gas and Electric Company
(Nevada Irrigation District, CA., 1978).

The contract is very similar to the one just discussed. \

Once again the project sponsor agrees to deliver power
and the power purchaser agrees to pay all costs. The
difference is that in lieu of having the project sponsor
receive a fixed percentage of debt service as compensa-
tion, the sponsor receives a minimum per kWh pay-
ment, which is subject to escalation.

With this type of agreement, the power purchaser’s
payment to the project sponsor above “‘all costs’ will
fluctuate based on actual energy production. However,
the per kWh rate of payment has a floor and is subject to
escalation. The escalation clause will generally work as
follows: At periodic intervals of one to five years, the
per kWh factor will be adjusted for use in the following
period by the same percentage some index of energy
costs has changed in the same period. A logical index to
use is the fuel-cost component of the utility’s thermal
electric generation.

This type of contract provides the debt service
security needed to obtain funds and also recognizes that
the future value of the project’s output is likely to rise.
This combination leads to a desirable marketing plan for
the project sponsors to pursue.

Sales per Kilowatt-Hour. Project output could be
sold on a per kWh basis, with the price being subject to
adjustment based on an index. In this case, the power
purchaser would not guarantee to pay ‘‘all costs’’, but
would simply pay for energy actually produced. This
arrangement could lead to wide variations in yearly
revenues as annual power production varied.

Without purchaser guarantees to cover debt service in
all events, some other method of assurance is needed
before financing is possible. Usually, either sponsor or
third-party guarantees will be necessary; however, occa-
sionally the project will be strong enough on its own to
lower the risk of revenue deficits to acceptable levels. In
section 6 the method for calculating the probability of a
revenue deficit under a per kWh sales agreement is dis-
cussed.

The difficulties in assuring debt service payments
with this type of sale will usually preclude the possibility
of obtaining project financing. Consequently, except

with unusually attractive projects, one of the other
forms of marketing the power output should be
attempted.

Sales per Kilowatt-Hour with Cost Guarantee and
Balancing Account. This type of arrangement values
the plant ocutput on a per kWh basis but also provides
the revenue security necessary to obtain financing.
Once again, the project sponsor agrees to supply
electricity that the power purchaser agrees to purchase
at a per kWh rate that is indexed. In addition, to provide
security for debt service, the power purchaser agrees to
pay “‘all costs’’; the excess is used to reduce the balanc-
ing account balance, if any, with the remainder going to
the project sponsor.

With this arrangement, the power purchaser is, in
effect,providing short-term financing toassure the proj-
ect’s debt service. If the project is economically sound,
at the end of the financing period the balancing account
balance will be zero.

This contract has the two desirable characteristics of
providing sufficient security to obtain financing and
recognizing that the future value of electricity will rise.
This arrangement will also lead to greater sponsor
revenues than in the cost plus escalating royalty contract
described earlier. This is because a larger value will be
subject to escalation.

Market Information Used in Project Sizing

Market information is necessary for project sizing
since it provides data on expected project value versus
installed capacity. Using cost-versus-capacity informa-
tion generated by the project engineers, the appropriate
project size can be chosen. Clearly, at the feasibility
level where market and cost information are both esti-
mates, only an approximate ‘‘best” project size may be
selected. The actual installed capacity will generally be
chosen after equipment bids are received.

In general, project sponsors will want to maximize
“profits” from the project. A well-established body of
economic theory deals with the conditions for profit
maximization. In a non-inflationary and competitive
business environment, the conditions for maximum
profit are satisfied if total revenues are equal to marginal
costs. Inflation complicates the picture, since both total
revenues and costs are escalating, but at different rates.
However, a useful approximation to the best project size
comes from maximizing the profits in the first year of
operation. This will enhance the ability to obtain financ-
ing and market power by reducing project risk. -
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SECTION 4
ECONOMIC ANALYSIS

Traditionally, economic analysis for projects has
meant development of benefit-cost ratios. This section
shows how economic analysis of small hydro projects
can be performed by public and private organizations.
Guidelines are provided for formulating the benefit and
cost streams and several commonly used procedures for
comparing the benefits and costs are explained.

Definition of Econiomic Analysis

Economic analysis deals primarily with the develop-
ment and applications of benefit-cost analysis which is
the most frequently used procedure for project
economic evaluation. The objective of this type of
analysis is to relate all project economic benefits to all
project economic costs accruing to the project sponsor.
The appropriate scope of the analysis (the benefits and
costs that should be included in the analysis) depends
largely on the nature of the sponsoring organization.

Important components of the economic analysis are
the project’s initial and recurring annual costs and
annual revenues which are the primary concern in the
financial analysis. However, other costs and benefits not
included in the project financial analysis may properly
be included in the economic analysis. An example
would be recreational benefits accruing to a county’s
population from reestablishing an impoundment for
small hydro purposes. Such benefits would accrue to the
area, but probably would not influence the finances of
the project.

Analytical Scope and Framework

Framework of Economic Evaluation. The most effi-
cient use of resources is the objective of economic
analysis as measured by economic evaluation criteria
such as the B/C ratio. This objective will generally be
met if the project sponsor maximizes their net benefits
and the scope of the analysis is properly formulated.

Within this framework, many small hydroelectric
projects can be analyzed as single-purpose, stand-alone
ventures if they are additions to, or replacements of,
already existing facilities and their purpose is strictly
power production. Such things as irrigation and urban
water supply, flood control, navigation, recreation, and
fish and wildlife might not be considered in the benefit-
cost analysis because rehabilitation or add-on projects
frequently have little or no effect on these items. If this
is the case, the benefits are those associated with selling
power, and the costs are those associated with supplying
the power including rehabilitation.

If other objectives are of importance to the project’s
sponsors, such as environmental quality or employ-
ment, the analysis may be structured to include these
additional objectives. Multi-objective analysis is used to
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analyze this type of project. In multi-objective analysis,
each separate objective served by the project is con-
sidered independent but not necessarily of equal rank or
priority. Each objective generates its own benefit
stream, and carries its own costs and its fair share of any
joint project costs. The multi-objective project is
economically justified if, at a minimum, total economic
benefits exceed costs and if each project purpose pro-
vides benefits at least equal to its separable costs.

Price level escalation, or inflation, may or may not be
included in the economic analysis. The present federal
government practice is to not escalate prices. Many pri-
vate and other governmental analysts do escalate prices.
This manual will explicitly include inflation in the
analyses. The equivalent analysis without escalation can
be obtained by using zero percent inflation and adjust-
ing the discount rate.

Scope of Economic Analysis. A properly formulated
small hydro project proposal attempts to maximize the
net benefits of the project as determined by the scope of
the analysis. The scope of the analysis, or the objectives,
benefits, and costs to be included, depends on the
nature of the sponsoring organization. The appropriate
scope of analysis is to include costs and benefits which
accrue to the sponsoring organization. If the sponsoris a
private organization then the analysis would include
items directly affecting profitability (revenues and
expenses). Local governments might have a broader
scope and include flood control, recreation or other
local benefits. The federal government, whose purpose
is broadest, would include all costs and benefits on the
local, regional, and national level.

Cost and Benefit Streams

Benefits and costs are broadly categorized as mone-
tary and non-monetary. Most nonmonetary benefits
and costs can be quantified into dollar values if certain
assumptions are made during the evaluation procedure
For example, in a local government sponsored project,
recreation could be quantified into the user-days of
recreational facilities and a dollar value determined for a
user-day.

Components of Economic Costs and Benefits. In all
small hydroelectric projects, the largest components of
economic costs and benefits will be the present value of
future cash inflows on the benefit side and the present
value of the original and any future cash outlays on the
cost side. Many of the elements from which these costs
and benefits are calculated are contained in the Uniform
System of Accounts prescribed for public utilities and
licensees and published by the Federal Energy
Regulatory Commission (FERC). Excerpts of these
accounts are contained in Exhibit II. The accounts
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established by the FERC include balance sheet, electric
plant, income, retained earnings, operating revenue,
and operation and maintenance expense accounts. The
various elements of these accounts, when properly
quantified into present value, become the components
of the economic costs and benefits.

As previously noted, other costs and benefits will pro-
perly be included in the analysis depending on the spon-
soring organization. The individual situation deter-
mines which benefits and costs should be included.
Examples of the types of considerations of interest are
water supply, flood control, recreation, fish and wildlife,
permanent employment, land use, and historical preser-
vation.

Inflation. Escalation in the market value of power
and project costs will occur over the project life. This
escalation in price levels is composed of two compo-
nents: inflation, or generalized price level increases, and
real price increases due to shifts in supply-demand rela-
tionships for commodities.

Real price increases cause some items to escalate
more rapidly than others. ror instance, construction
costs have increased at a substantially greater pace than
inflation in recent years. This is also true of energy
values. In some cases it may be desirable to escalate
various cash inflows and outflows at different rates This
decision must be based on judgment about the project at
hand and anticipated changes in the general economy

and the future real price increases in the value of

energy.

If inflation is explicitly included in the economic
analysis, the future benefit and cost streams must be
escalated by the expected inflation rate. This is done by
using the factor for the future value of a present sum
with the inflation rate in the place of interest. This is

P, =P, x (1 = et

where:
P, = price t years in the future
P, = current price
t = years in future
e = inflation rate.

This factor is multiplied times the future unescalated
estimates of costs and benefits in the appropriate year to
obtain the escalated amount.

Table 4-1 illustrates how escalation during construc-
tion is calculated for a four-year project. Also shown is
the calculation of completed capital cost. First the lump
sum cost estimate is broken into the amourt to be spent
in each year of construction. This unescalated cost esti-
mate is then escalated to the expected future cost by
using the factor to calculate the future amount of a pre-
sent sum with the appropriate escalation rate. The con-
tribution to complete cost includes the interest to
finance the expenditure until the construction is com-
plete.

This technique can be used for each separate portion
of a construction project. In this manner, variation in

Economic and Financial Analysis
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escalation rates for different project components, such
as the civil works or the mechanical equipment, can be
incorporated in the completed cost estimate. (Table 4-2
is a complete example showing how inflation is incor-
porated in the benefit and cost streams.)

Formulating Benefit and Cost Streams. The period
over which the benefit and cost streams must be calcu-
lated is the economic, or useful, life of the project. In
the case of small hydro, this will frequently be the
length of the financing period since periodic major re-
placements are usually required forcontinued operation
and the financing plan will typically provide these funds
only through the financing period

If escalation is going to be included in the analysis, all
the costs and benefits must be escalated in a consistent
manner. Depending on the given project, different
escalation rates for different portions of the project may
be desirable. In particular, the general expectation that
energy values wil! escalate more rapidly than general
inflation should be considered.

The cost stream is composed of the capital costs,
operation and maintenance costs, future replacements,
quantified nonmonetary costs and any other cost associ-
ated with the project affecting the project sponsor. The
benefit stream will include the value of power genera-
tion, quantified nonmonetary benefits accruing to the
sponsor, and other benefits. The timing of these
streams is important and must be accurately established.

Note that the receipts and outlays associated with the
actual financing of a project, together with any effects on
income taxes that follow, are excluded from the benefit
and cost streams. Payments made into sinking funds to
provide for future replacements are also excluded.

For more detail, a private sponsor should consult a
basic text on managerial finance (Bolten, 1976) and a
public sponsor a text on benefit/ cost analysis (Mishan,
1976).

Economic Evalutation Criteria

A number of frequently used decision criteria are
available for evaluating the economic feasibility of small
hydro projects. All of the theoretically correct criteria
are based on the time-value of the project’s benefit and
cost streams formulated according to generally accepted
practices.

Discount Rate. A discount rate is used in calculating
the economic evaluation criteria which reflects the time-
value of money. For private project sponsors and local
governments, this is properly the cost of capital. The
private sector will use their weighted average cost of
capital and the public sector their cost of borrowing in
the bond market or from other sources. The federal
government and some state governments have their
discount rates, and economic practices, set by law. For
example, federal projects use a constant dollar analysis
and a discount rate set at 6-7/8 percent as of October 1,
1978, which is adjusted annually.
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Screening and Ranking. Economic decision criteria
can be grouped into two classes: those most suitable for
screening and those most suitable for ranking.

Screening refers to determining if a project has an
acceptable economic return. In a small hydro develop-
ment, a number of potential development plans must be
considered. Screening the various plans will yield those
that have acceptable results; all others will be rejected as
uneconomic developments.

Ranking refers to determining the order of economic
preference among projects. In a small hydro situation,
the screening process may yield two or more installed
capacities or turbine types that are viable development
alternatives. The ranking process helps choose which is
the most economically desirable project among the
group of acceptable plans.

The example presented below will be useful to illus-
trate the discussion of the various criteria. The example
project parameters are:

The example presented below will be useful to illustrate
the discussion of the various criteria. The example proj-
ect parameters are:

1. Installed capacity 2 MW

2. Annual energy production 9.8 million kWh/year

3. Plant factor 56 percent

4. Lump sum cost per kw $750

5. Annual O&M $45,000

6. Expected financing cost 10 percent

7. Construction period 2 years

8. Financing period 12 years

9. Escalation 0.0 and 10.0 percent
10. Value of energy 2.5¢/kWh

Net Present Value (NPV). The net present value cri-
terion incorporates all of the pertinent economic data
into a consistent one-figure decision rule that allows
projects to be both screened and ranked. The criterion
requires that a discount rate be specified for use in pre-
sent value calculations.

The general procedure is to determine the present
value (at the time of the first expenditure) of the future
stream of net benefit flows. The screening decision cri-
terion is to reject the project if the NPV is less than or
equal to zero. Without constraints on the amount of
capital available for the project, the project with the
highest NPV is ranked highest. If capital is constrained,
as may very possibly be the case, the project with the
highest NPV within the budget constraint is ranked
highest.

Explicitly, NPV is calculated as

NPV = 3 (CF/(1+K)) + (Sy/(1 + k)™
i=0
where:

3 = summation

Economic and Financial Analysis 4-5

CF; = net cash flow in period i, starting with the
initial outlay.

n = last period of cash flow

S, = salvage valueif any

k = discount rate

The example presented in Table 4-2 illustrates the
calculation. Without escalating the benefit and cost
streams the project has a negative NPV while including
escalation indicates an economically feasible project.

Benefit-Cost Ratio (B/C). The B/C ratio, the most
commonly used decision rule, reduces the analysis to a
single consistent figure like the NPV. The rule incorpor-
ates all the essential elements of a valid economic com-
parison. The ratio compares the present value of future
cash inflows to the present value of the original and all
subsequent outflows by dividing the inflows by out-
flows. The decision rule is to reject projects that have B/
C ratios less than one. For the example in Table 4-2, the
present value of the escalating stream of benefits is
$2.567 million and of the escalating stream of costs is
$1.947 million. The B/C ratio is then 1.32 indicating an
economically feasible project.

Internal Rate of Return (JRR). The IRR, which is
primarily a screening criterion, is the discount rate that
results in the project’s NPV being zero. Like the NPV,
internal rate of return incorporates all the pertinent
economic data. IRR is calculated through an iterative
process.

The decision criterion is to reject projects whose IRR
is less than the expected cost of financing used to imple-
ment the project. This criterion has the appeal of being
expressed as a percentage that is readily comparable
with the expected cost of financing. The criterion does
not, however, reflect any information on project scale,
and, consequently, it cannot be used as the sole ranking
criterion.

The IRR for the example project in Table 4-2 was
calculated and is presented below for a range of initial
energy values.

Energy Value IRR
(¢/kWh) (percentage)

23 14.1

2.4 ’ 15.0

2.5 15.9

2.6 16.8

2.7 17.7

Note that for energy at 2.5¢/kWh, the project’s IRR is
15.9 percent. Consequently, for financing at less than
15.9 percent, the NPV of the project must be greater
than zero, as is the case.

Other Criteria. Several other decision criteria are
available for evaluating investment elternatives, but
these are considered less competent at providing ade-
guate evaluation information. These include the
average rate of return (ARR) and the payback menod
(PB), among others. The ARR method is similar to the
IRR, but does not discount future cash inflows and out-
flows; thus it does not take into account the time value
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of money. The payback method is one of the most com-
monly used methods in the United States, but it also
fails to take into account the time value of money. PB is
actually a measure of how quickly the original invest-
ment is returned in absolute dollars, and it ignores
potentially great future gains

Uncertainty

Uncertainty is the lack of sureness about an outcome
or quantity. In small hydro projects, uncertainty sur-
rounds capital cost estimates, future annual costs,
escalation rates, and the future value of energy. Because
these quantities are not known with certainty, an out-
come unfavorable to the project sponsor is possible.
This risk should be analyzed and minimized to the
extent feasible. The discussions on sensitivity and risk
analysis address the analysis of risks

Analytical Procedure

Sensitivity analysis and risk analysis are two of the
techniques used in analyzing investment decisions. The
purpose of these techniques is to explore more fully the
ramifications ofuncertainty on the economic and finan-
cial decision criteria. Following a discussion of these
techniques, a general procedure for the economic
analysis of small hydroelectric projects is put forth.

Sensitivity Analysis. Sensitivity analysis, when
applied to investment decision criteria, may be defined
as the investigation of the impact on the decision criteria
of variations in the important project parameters taken
one at a time. The analysis is very useful for examining
the degree to which the overall project desirability could
be affected by changes in parameters whose values may
vary.

The procedure is to determine the range over which
the parameter being investigated might vary. The value
of the decision criteria is then calculated over the range
of the parameter. The results are then usually presented
graphically as in Figure 4-1, which shows an example of
the sensitivity of IRR with respect to the initial value of
the project’s energy production.

Some of the variables whose effect on the project
might be investigated are complete cost, operation and
maintenance costs, interest rates, and the initial value of
the project’s energy.

Risk Analysis. The risk associated with a small hydro
project may need to be evaluated. Risk may be defined

as the probability of the occurrence of an unacceptable
outcome. Several methods of evaluation account for
risk. Two of these are discussed here: the discount rate
approach, and the Monte Carlo simulation approach.

The discount rate approach accounts for risk by
increasing the discount rate associated with a project.
An increase in the discount rate lowers future net
benefits, thereby decreasing the NPV, IRR, or B/C
ratio. In this way, a project with more risk, identified by
a higher discount rate, would have to meet higher
requirements in order to be judged economically feasi-
ble.

A more advanced technique for evaluating risk is the
Monte Carlo simulation analysis. Monte Carlo simula-
tion allows uncertainty in a number of the project’s
parameters to be simultaneously accounted for and the
impacts on the decision criteria to be quantified. A brief
description of the method is given below.

The procedure entails first deciding which of the
project’s economic parameters are uncertain either
initally or year by year. Next, a probability distribution
associated with each uncertain parameter is specified to
embody the uncertainty in the parameter’s value. A
typical method for doing so is to use the triangular prob-
ability distribution as shown in Figure 4-2

The evaluation criterion is calculated many times (as
many as 400 times in some cases) each time using the
probability densities for the uncertain parameters to
choose values for the parameters. The resulting set of
values for the evaluation criterion forms a histogram of
possible outcomes, such as shown in Figure 4-3. In the
figure, if A represents the minimum acceptable out-
come, then the shaded area represents the probability of
an unacceptable outcome and the risk associated with
implementing the project.

The use of this simulation technique is becoming
more widespread, and financial simulation packages are
available from a number of computer software vendors.
Occasionally, this level of analysis may be justified for
small hydro projects.

Economic Evaluation Procedure

Table 4-3 summarizes the steps in the economic
evaluation procedure for a small hydro development
option.

Economic and Financial Analysis
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TABLE 4-3
ECONOMIC EVALUATION PROCEDURE

Step Description

1 Determine if inflationary or constant dollar analysis will be used. In an inflationary analysis, establish
the general escalation rate. If items such as energy values or construction costs will be escalated at a rate
different than the general inflation rate, determine the appropriate rate(s).

2 Establish the project economic life.

3 Assemble the unescalated cost stream (by year) for the economic life of the project. This includes the
capital costs by year, operation and maintenance, replacements, quantified nonmonetary costs and
other costs.

4 Assemble the unescalated benefit stream (by year) for the life of the project. This includes the value of
power generation, quantified nonmonetary benefits, and other benefits.

Escalate costs and benefits as determined in Step 1.
Establish the appropriate discount rate.

Calculate the economic evaluation criterion chosen for use

Economic and Financial Analysis 4-7 Vol 11



16

14

40 YEAR LIFE
30 YEAR LIFE —

12

Internal Rate of Return - Percent
=
[

50 YEAR LIFE —

]

4 | I | |
20 21 22 23 4

25
Initial Energy Value - Mills/KWH - 1978

32
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MODE OR MOST LIKELY VALUE

Probability f(x)
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Operating Cost in Year t

Figure 4-2. Example of triangular probability distribution of a project parameter.
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Figure 4-3. Probability of possible outcomes from Monte Carlo simulation.
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SECTION 5
PROJECT IMPLEMENTATION

A number of economic and financial factors affect the
implementation of small hydro projects. Financial
reporting requirements and environmental considera-
tions are discussed first under the broad heading of
institutional considerations. The other major area of
concern is the timing and usage of funding, particularly
relating to funding the feasibility determination. These
topics are discussed in this section.

- Institutional Considerations

A large number of permits will be required for the
operation of hydroelectric developments. Some of these
permits relate to financial information and others can
have substantial cost impacts.

Federal Energy Regulatery Commission (FERC).
The FERC licensing requirements contained in Title 18
of the Federal Code of Regulations include the dis-
closure of substantial financial information for all
projects within their jurisdiction.

Major Projects. The license application for ‘‘major”’
projects, defined as installations of 2000 horsepower
(1500 kW) or greater, must include ‘‘Exhibit N,>” an
estimate of the project development costs including:
land and land rights; power plant structures and
improvements; reservoirs, dams and waterways; water-
wheels, turbines and generators; accessory electric
equipment; miscellaneous power plant equipment;
roads, railroads and bridges; and transmission facilities.

These cost categories are the same as those used in
the FERC Uniform System of Accounts excerpts of
which are in Exhibit II. The Commission may require
that quantities, unit costs and total costs be shown for
each of the above items. The Commission may also
require the inclusion of indirect construction costs, such
as construction equipment and Workmen’s Compensa-
tion if the work is not to be done by contract. If work is
to be done by contract, estimates of indirect cost would
include engineering and administrative overhead, con-
struction supervision, legal expenses, taxes, interest on
construction funds, and contingencies.

Annual cost estimates may also be required by the
FERC. These estimates would include: rate of return or
interest; local, state and federal taxes; depreciation;
insurance; and operation and maintenance, and
administration

In addition, it may be necessary to furnish to the
Commission the costs of obtaining an equivalent
amount of power from an alternate source of power in
terms of dollars per kilowatt-year of capacity and mils
per kilowatt-hour of average energy.

Minor Projects. FERC license applications for

Economic and Financial Analysis

“minor”’ projects defined as projects with less than 2000
horsepower (1500kW) of installed capacity are not
required to include any of the Exhibit N cost informa-
tion discussed above.

Completed Cost Statements. For all projects con-
structed under a FERC license, the licensee must, with-
in one year after the project is ready for service, file a
statement of actual project costs with the Commission.
This statement would include construction costs, cost of
water rights, right-of-way costs and land costs. Similar
statements are required annually for any project addi-
tions or improvements. Annual operating expenses and
revenues shall also be reported to the Commission in
accordance with their Uniform System of Accounts. All
reports will be evaluated by the Commission and all
records are subject to audit.

Securities and Exchange Commission (SEC) The
SEC requires issuers of securities making public offer-
ings in interstate commerce or by mail to file registra-
tion statements containing financial and other pertinent
data about the issuer and the securities being offered.
Unless a registration statement is in effect for such
securities, it is unlawful to sell the securities in inter-
state commerce or through the mails. There are certain
limited exemptions, such as government securities,
nonpublic offerings, and intrastate offerings.

The effectiveness of a registration statement may be
rescinded or suspended after a. public hearing if the
statement contains material mis-statements or omis-
sions, thus barring sale of the securities until the state-
ment is appropriately amended. Registration of
securities does not imply approval of the issue by the
SEC or that the SEC has found the registration dis-
closures to be accurate. Persons connected with the
public offering may be liable for damages to purchasers
of the securities if the disclosures in the registration
statement and prospectus are materially defective. Also,
antifraud provisions apply generally to the sale of
securities, whether registered or not.

The SEC also requires the filing of registration
applications, annual reports and other reports prepared
for national securities exchanges by the following: com-
panies whose securities are listed upon the exchanges,
companies that have assets of $1 million or more and
500 or more shareholders of record, and companies that
distributed securities pursuant to a registration state-
ment declared effective by the SEC under the Securities
Act of 1933, Such applications and reports must contain
financial and other data prescribed by the SEC as
necessary or appropriate for the protection of investors
and to insure fair dealings. Special provisions provide
for regulation by the SEC of the purchase and sale of

Vol. 1



securities and assets by companies in electric utility
holding company systems.

State-Level Requirements. Most states have given
themselves the power to regulate the activities of inves-
tor-owned utilities (IOUs) This authority is usually
delegated to a public utility commission (PUC) or public
service commission (PSC) or board

A PUC typically is both a court and administrative
agency. Some of its powers may be set forth in the
state’s constitution. It may issue decisions and orders,
cite for contempt and subpoena records, and hold hear-
ings on any of the regulated utilities.

Generally, a PUC does not have regulatory power
over cities and other public entities, although applicable
laws in each state should be ascertained

The power of a PUC to approve rates also may apply
to approval of contracts for the purchase of power. In
addition, a state may have another agency to regulate all
corporate securities. Such an agency typically would pro-
vide control over the marketing of securities to the resi-
dents of the state, require disclosure of relevant finan-
cial and legal information consider essential in the pub-
lic offering, maintain safeguards against unscrupulous
promotional schemes, and take suitable enforcement
action. State laws should be checked for any regulatory
powers additional to those prescribed by a PUC. Such
additional regulations will probably be minimal.

Environmental Considerations. Federal, state and
local governmental environmental and other regulatory
agencies require varying degrees of environmental
assessment that could result in significant costs and
affect the project schedule. The FERC license applica-
tion requirements for ‘‘major’> projects (1500 kW or
more) include Exhibits W and S, comprehensive
environmental and fish and wildlife assessments.
“Minor” projects require brief environmental assess-
ments such as a description of the existing environmen-
tal setting, impacts due to project construction or opera-

tions, mitigation measures, and alternative means of

obtaining the power to be produced by the project

After review of the license application, the FERC may
also require that a complete Environmental Impact
Statement be prepared in accordance with the National
Environmental Policy Act. Such an EIS may also be
required where the project involves the use of federal
lands or funds.

State and local public agencies may also require the
preparation of environmental impact reports for any
projects within their jurisdiction. The environmental
assessment process will be of particular importance in
areas with significant aesthetic, recreational, fish and
wildlife, and historical values. All the environmental
assessment processes include requirements for public
involvement and provisions for legal challenge.

Project Facilities to Mitigate Impacts. Significant costs
can result from facilities required to mitigate potential
environmental impacts, including:

Economic and Financial Analysis
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1. Fish facilities —
screens, -bypasses
storage facilities.

2. Architectural treatment of the powerplant with
respect to historical, recreational or aesthetic values of
the site.

3. Modification of locations and alignments and
possible undergrounding of transmission lines due to
aesthetic or other environmental considerations.

4. Special recreational facilities require to compen-
sate for the loss of existing values.

such as ladders, elevators,
and collection, handling and

Project Operations. Effects on project operations can
include:

| Minimum-flow requirements for water quality,
fisheries, aesthetic and recreational purposes

2. Restrictions on peaking operations to limit reser-
voir fluctuations and rapid variations in streamflow due
to fisheries and recreational considerations.

Among the federal laws that must be considered in
the implementation of any project are:

- National Environmental Policy Act (P.L. 91-190)

- Fish and Wildlife Coordination Act (P.L. 85-624)

- Endangered Species Act (P L. 93-205)

- Historic Preservation Act (P.L. 89-665)

- Water Pollution Control Act (P L. 92-500)

- Water Quality Improvement Act (P.L. 91-241)

- Wilderness Act (P.L. 88-577)

- Wild and Scenic Rivers Act (P L. 90-542)

- Costal Zone Management Act (P.L. 93-612)

- Federal Land Policy and Management Act of 1976
(P.L. 94-579)

In addition, numerous state and local statutes, ordi-
nances, and administrative regulations could impact the
economics of project developments.

Timing and Usage of Funds

To avoid significant delays in the implementation of a
small hydroelectric project, it is important that the fund-
ing required for each task in the process be anticipated
in advance and procured in a timely manner. Figure $-1
illustrates the implementation process for a hypothetical
typical project and the cumulative funding require-
ments.

The time requirements and costs of the various
implementation tasks will vary widely as determined by
project magnitude, site conditions, and institutional fac-
tors. The implementation process includes the following
significant tasks.

Prefeasibility of Reconnaissance Study. A brief
prefeasibility study should be conducted to determine if
the project appears sufficiently attractive to justify
further, more detailed assessment. The guidelines and
cost curves contained in this manuel will greatly facili-
tate this early study. Such a study will normally require
two to four weeks to complete and should cost, at most,
no more than one-half to one percent of the total project
implementation cost. Any political or environmental
ramifications that could stop the project should be iden-

Vol. 11



NOILVY3dO

|

SHINOW NI 3WIL
or 8¢ A4 8z v2 0z 9l Al 8 v 0
I T i 1 ¥ 1 H T 1 T 1
| NorLvrviswi | §11wuad |
| INIHd 1 ND3 I o B3H10 ONV TVINIHNOHIANI  LanLs JONVSSIVNNOD3Y | _
| | 1¥301 ONV 3LVLS '1v¥3034
JRLIRCET A1ddNS ONV 5 AGNLS |
[TYNOILV43d0 | JUNLOVANNYN ININdIND3 | _ ONISN3O1T 434 | ALIIgIsyad \_
|
_ N91S30 ONIYIINIONT NV NOTLYD ILSIANL humqmumz_ _ FECIETEL]
NG| LINYLSNOD SYYOM TIAID 30V4¥NSANS 'SAIAUNS 01314 _ SR “ wﬂamwwuwuuw “
_ [
_ | |
o W " ¥ N __F¥ ¢
| _ _ SNOTLVIL093N _ 43SVHINNd [ 43K
_ | @3LN03X3 LOVAINOD | | Q3N9IS INIINI | _ |
| | ISVHOUNG W3MO4 | | | ISVHOUNd 40 ¥3LL3T | | _
| _ | |
_ m ” —mem e T [ SNINNV1d TVIONVNI3 \Yu.\..o |
| 038N03S GINIVL3Y SINVLINSNOD | | _
_ | onionvnis wuaL oNoY “ ONTINYNIL W¥3L LUOHS “ Y937 ONV TVIONVNIA | | _
. _ _ _ | _
0 _ === 0
_ _ _
_ _
| | |
gz _ | * -6
_ aguey | |
05 |eardAy _ _ -08
_ _
5L _ _ 6L
_ _
_
001 _ _ <001

1503 NOI1137dW0D3 40 LN3J¥3d

Figure 5-1. Typical project implementation schedule and expenditure pattern.
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tified at this time.

Feasibility Studies. Detailed feasibility studies nor-
mally require three to six months to complete and
should cost no more than two to five percent of the total
costs.

Licensing and Permits Preparation of FERC license
application for minor projects of less than 2,000 horse-
power of capacity takes two to four weeks, while major
project applications will require three to six months for
projects of less than 15 MW capacity. The time required
to receive a license is in a state of flux. The FERC
(Washington, D.C ) should be contacted for particulars.

Time requirements for other federal, state and local
permit applications and environmental reports will vary
widely depending on “the institutional factors involved.
These activities could take from four months to one
year before all approvals are received. Much of this
work can be concurrent with the FERC licensing pro-
cess.

The cost of the licensing and permit processes should
normally be between two and five percent of the project
cost; however, for complex or controversial projects it
could approach ten percent.

Engineering Design, Construction Supervision and
Administration. Project design including site surveys
and subsurface investigation will normally require six to
12 months for a typical project, with a possible overlap
of two to four months with construction. The total
exploration, design, construction supervision and
administration can range from six to 12 percent depend-
ing on project size and complexity. (Guidelines for such
costs are included in the American Society of Civil
Engineers’ Manual No. 45)

Manufacture, Construction, and Installation.
Approximately 12 to 30 months will be required to
manufacture and install equipment and construct civil
works, depending on the size of the project.

Normally, all contracts include provisions for an
advance payment to the contractor of about ten percent
of the contract amount. An equipment supply contract
normally calls for a payment of 80 percent upon deliv-
ery; construction and installation contract costs are nor-
mally paid monthly based on the actual work per-
formed, excluding a ten percent retainer. The final ten
percent is paid after all work is deemed complete and
acceptable by the Owner or Engineer.

Funding Feasibility Studies
Prior to issuance of the FERC license it is unlikely the

project sponsor will be able to obtain funds for any pur-
pose from the long-term financing source based on the
strength of the project. As indicated in Figure 5-1, the
cumulative funds required to this point can amount to a
significant fraction of total project cost. In addition,
funds spent to demonstrate feasibility are generally sub-

ject to total loss if the project is not shown to be viable.

Many project sponsors, particularly public entities,
may find it difficult to fund feasibility investigations
Consequently, obtaining these funds can represent a
significant barrier to implementing a small hydro
project. The next two sections discuss some possibilities
in regard to feasibility funding.

Power Purchasers. An interested power purchaser
may be induced to advance funds for feasibility studies
and other investigations. Because the financial strength
of the purchaser will typically be much greater than that
of the project sponsor/site owner, such an arrangement
may make sense. In the event the project is established
to be feasible and is implemented, the advance will be
recovered.

The project sponsor may wish to consider this type of
arrangement if other funding sources are not available.
It is likely that advancing funds for feasibility will
enhance the negotiating strength of the potential
purchaser. This, in addition to potentially being
required to limit the ultimate sale of power to the
advancing organization early in the feasibility stage, is a
factor the project sponsor must consider prior to
approaching a potential purchaser for feasibility fund-
ing.

Other Feasibility Funding Sources. A number of
other sources of feasibility funding can be explored by
the project sponsor/site owner.

Title IV of the Public Utility Regulatory Policies Act
(Exhibit IT11) contains important provisions that provide
funding for feasibility studies and loans for project costs.
The act requires the Secretary of Energy to establish a
program to provide loans of up to 90 percent of the cost
of feasibility studies and license applications. In the
event the project studies is not feasible, the Secretary
may forgive loan repayment. Ten million dollars per
year has been authorized for this purpose through Sep-
tember 30, 1980. These funds will be an important
source of feasibility funding for project sponsors.

Several other potential sources of funding are
regional development commissions, state energy agen-
cies, and equipment manufacturers and engineering
consultants, contingent upon the use of their equipment
or services.

Economic and Financial Analysis
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SECTION 6
FINANCIAL FEASIBILITY

General

Financial feasibility may be defined as a project’s
ability to obtain funds for implementation and repay
these funds on a self-liquidating basis. Whether a
project is feasible depends on the project’s charac-
teristics, the sponsor and purchaser, the requirements
of those providing funds, and the overall credit market
as it affects the cost of borrowing.

Generally, a project will be financially feasible if it can
be shown it is self-liquidating with acceptable risk at
realistic interest rates. An ‘“‘acceptable” level of risk is
generally very low. If these capabilities can be
demonstrated, funds can usually be obtained.

An important part of establishing financial feasibility
is the expected borrowing cost. The cost of capital for
debt is the return potential investors require of the debt
securities, such as bonds. This cost is generally con-
sidered to be the sum of the real interest rate that com-
pensates the lender for surrendering the use of funds,
the purchasing-power risk premium that compensates
for expected inflation, the business and financial risk,
and the marketability risk associated with low-liquidity
of a debt security.

All of these factors must be considered in determin-
ing financial feasibility since the projects will usually be
sensitive to the costs of financing.

Inflation. Inflation has two important effects on the
financial feasibility of capital-intensive projects such as
small hydroelectric developments.

First, inflation contributes to the cost of capital, since
one component of the cost of capital is the long-run
expectation of the inflation rate. Therefore, high infla-
tion rates lead to higher costs of borrowing and annual
debt service requirements. Note, however, that most
financing plans will fully amortize project debt, which
means the combination of principal and interest pay-
ments will be constant for the financing period.

Second, once a project is financed, inflation will
generally enhance the project’s net cash receipts as time
passes. In capital-intensive projects, debt service will
usually be a large portion of annual cash disbursements
in the early portion of project life. Since the financing
plan generally fixes debt service payments, only a por-
tion of annual costs (operation, maintenance, replace-
ments, etc.) is subject to escalation. However, the total
market value of the product will be escalating, thereby
increasing the difference between market value and

project cost as time passes. This increase is comprised of

two components — inflationary price increases and real
price increases due to shifts in the supply-demand rela-
tionship for energy. The small hydro power marketing
agreement should reflect these increases
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The consequences of inflation are that the first few
years of operation will be the most difficult financially It
1s iherefore usually sufficient to show that the project is
self-liquidating in its early years to be assured of overall
financial feasibiliiy. Financial feasibility is also usually
assured if the project can be shown to be feasible assum-
ing no inflation.

Security of the Minimum Revenue Requirement.
The project’s annual minimum revenue requirement
(MRR) is the amount of funds required to pay all costs
incurred by the project. The debt service portion will not
be escalating, while other costs will. Consequently, the
project’s MRR can be expected to increase with time.
For the project to be feasible, the MRR must be met
with a high degree of assurance. Doing so will be a
prime consideration when project financing and the
power market agreement are arranged

Funding Sources and Arrangements

A variety of long-term funding sources may be used
to finance small hydroelectric developments. Several
federal programs may provide funding, in particular the
loan program being administered by the Department of
Energy described below. In addition, the traditional
methods of public entity financing will be important.
These sources of financing, along with the methods
available to privately owned businesses, will be
reviewed here.

Federal Programs. The Department of Energy loan
program is the most important federal source of long-
term financing available for small hydroelectric develop-
ment. This program, along with two other potential
sources of federal funds, may provide financing for
small hydro developments.

Department of Energy Loan Program. Title IV of the
Public Utility and Regulatory Policies Act requires the
Secretary of Energy to establish a loan program to pro-
vide long-term financing for small hydroelectric
development. The pertinent sections of the Act (Exhibit
11D should be consulted for the complete details of the
program.

The loan program will provide funds for up to 75 per-
cent of project costs to be paid off in up to 30 years. The
interest rate charged will be the rate used for water
resources planning projects at the time the loan is made.
One hundred million dollars per year has been
authorized through September 30, 1980.

The project sponsor should consider submitting a
loan application under this program. While the
authorized funding may not satisfy the demand for
loans, the program will make an important contribution
to small hydro financing.
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Economic Development Administration (EDA). The
EDA is concerned with communities burdened with too
few jobs and too little income Such areas typically suffer
from high unemployment or low family income, and
lagging or even declining population growth. They often
are too poor to provide public facilities to attract new
businesses and new jobs The EDA has several
programs to mitigate these kinds of problems. These
include grants to help provide public works and
development facilities, loans up to 100 percent to assist
in financing public works, loans up to 65 percent for
industrial and commercial expansion, guarantees of up
to 90 percent of working capital and fixed asset loans,
and technical assistance grants for planning. EDA assis-
tance is also provided to redevelopment areas,
economic development districts, and economic
development regions.

EDA’s Public Works and Economic Development
Act program provides financial assistance for a variety
of public works facilities. However, no financial assis-
tance may be provided for projects involving the genera-
tion, transmission, or distribution of electric energy or
for projects that would compete with an existing private-
ly owned public utility. This program would appear to
specifically exclude any power-related project. However,
if the lack of an adequate power supply is a deterrent to
community growth or aggravates unemployment, EDA
financial assistance might be obtained for enterprises
that are either under-employing people or would
employ more people. With this assistance, these
enterprises would then help to implement a small hydro
power project through contracts for electrical service.

Small Reclamation Projects Act. The U.S. Bureau of
Reclamation administers this program, which provides
loans and grants to state and local entities for water-
related projects that otherwise could be constructed
under reclamation law, including multipurpose projects.
Loan proceeds allocatd to irrigation and drainage are
repayable without interest, while in a multipurpose
project, the portions allocated to municipal and
industrial water and to hydroelectric power are repaid
with interest. Grants are made toward costs allocated to
flood control and to fish and wildlife and recreation
benefits. The maximum loan or grant is $18 million for

a project whose costs cannot exceed $27 million (as of

1978). Loans must be repaid within 40 years. This
financing program is available only to areas located west
of the Mississippi River.

If a small hydro project can be incorporated into an
otherwise federally acceptable irrigation project, result-
ing in a multipurpose project, substantial federal financ-
ing assistance may be possible through this Act.

Financing by Public Entities. Most public entities
operate on a cost-recovey, non-profit basis. Revenues
derived from taxes or commodity sales (e.g. water) or
services (e.g. electricity or garbage pickup) are set
annually at a level that will cover only debt amortization
costs, O&M and replacement costs. Typically, little or
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no cash reserve is available to finance construction of
capital programs even on a modest basis. Consequently,
when a sizable capital expenditure program is to be
undertaken, the entity is forced to borrow funds to
finance it.

The two most common methods of borrowing are (1)
issuance of general obligation bonds and (2) issuance of
revenue bonds. Within these two types are numerous
variations. Therefore, when an issue of bonds is con-
templated by the entity, financial and legal bond consul-
tants usually are retained to provide counsel to aid in
the sale of such securities. These services are discussed
under the heading of the ‘‘Financial Consultants in
Public Sector Financing *’

A successful marketing of bonds requires, among
other things, that the proposed issue can be legally
marketed by the entity. Sometimes legislation at the
state level may be required to permit it to engage in a
particular activity, such as the generation and sale of
power, and to incur debt in connection with the activity.
The financial markets (e.g. Wall Street) must also be in
a state of receptiveness towards purchase of the bonds.

General Obligation (G.0.) Bonds. G.O. bonds are uni-
que to the public sector in that their repayment
ultimately is secured by the taxing power of the issuing
entity. If revenue from the sale of electricity at any time
during the payout period of the bonds becomes inade-
quate to cover the debt amortization, O&M and replace-
ment costs, then the bond-issuing entity is required to
impose taxes, increase taxes, or take all other measures
necessary to cover such costs.

Fundamentally, the taxing power of the bond issuing
entity undergirds the security of G.O. bonds. If,
however, the entity has a mediocre record of financial
management of its affairs or already is heavily in debt
from prior issues of bonds that have priority to income
over subsequent issues, the importance of the taxing
power is diminished. In such cases, usually either one of
two things occurs, the interest rate on the bonds is
increased as a tradeoff to the increased risk inherent, or
revenue bonds are issued.

Two principal types of G.O. bonds are issued: self-
liquidating and non-self-liquidating. As the name
implies, self-liquidating bonds are secured by revenues
from the sale of a commodity or service without resort-
ing to taxes to aid in bond payment. However, in cases
of emergencies or other unforeseen events, tax
revenues may be used. Non-self-liquidating bonds
usually are secured largely, if not solely, by revenues
from taxes. The credit rating of the entity is enhanced as
the ratio of self-liquidating bonds to non-self-liquidating
bonds increases, and the resulting interest rate on its
borrowed funds tends to decrease.

Inasmuch as G.O. bonds become a legal obligation of
all property owners within the entity, approval of the
voting electorate must first be obtained. Usually a two-
thirds majority vote is required for approval.
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Revenue Bonds. Revenue bonds, of which there are
several types, are secured only by revenues obtained
from the marketing of commodities or services. Such
bonds may be of a general revenue type in which first
claim is made on all revenues or be more restrictive in
that bond payout and security are limited to a single

source (e.g. a project). Authorization for issuance of

revenue bonds usually is not required by a two-thirds
vote, but by a majority vote of the electorate.

Revenue bonds are not secured by the taxing power
of the issuing entity. Consequently, a project to be
financed by such bonds has to be financially sound and
demonstrate in the financial feasibility report supporting
the proposed bond issue that the required annual
revenues will be forthcoming. If the project revenues
are the sole security for the debt service, annual
revenues, less operating costs, are usually required to
exceed debt service by 25 to 30 percent. Such a margin
of safety is required by the bond buyer to provide a
cushion, so to speak, against unforeseen adversities that
may befall the project and yet assure coverage of annual
debt amortization costs.

When revenue bonds are used to finance a small
hydro project, the reliability of the rvenues becomes
most important. Close scrutiny needs to be given to
contracts for the purchase of power from the project.
The contract should cover the payout period of the
bonds, the credibility of the power purchaser needs to
be examined, and any loopholes adverse to the security
of the revenue flow need to be dealt with.

Other Forms of Indebtedness. A public entity may find
it desirable to issue notes or warrants based upon the
advice of financial counsel, the size of the proposed
capital expenditure and indebtedness to be incurred, ot
other factors. These are general obligations of the dis-
trict, with maturity periods of up to ten years; often-
times they are purchased by one buyer, such as a bank
or insurance company.

Tax Status. Virtually all local public entities’ bonds
and other forms of debt are tax free. That is, the interest
accruing to the bondholder is exempt from federal
income taxes and state income taxes in the state in
which the bonds are issued. It is customary to obtain a

legal opinion from bond counsel prior to the issuance of

the debt form as to the tax-exempt status. Such income
tax exemption results in very favorable interest rates
being obtained on the borrowed money. Assuming they
have a good credit rating, non-federal public entities are
able to borrow funds at a much lower interest rate than
the federal government or private enterprise.

Public entity revenue bonds may become Industrial
Development Bonds (IDBs) under certain conditions
and will generally lose their taxexempt status. For small
hydro developments, the bonds are 1DBs if over 25 per-
cent of the output is used by an investor-owned utility.
However, the interest paid on IDBs may be exempt
from taxation in small hydro developments — for exam-
ple, when they are used to finance a facility to furnish
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local electrical energy solely within an area consisting of
a city and one contiguous county, or when the facility
furnishes water to members of the general public,
including an electric utility. Thus, any dam built or
modified to provide generation of hydro power to be
used by the general public through an electric utility
would be eligible for financing by tax-exempt bonds.
Certain small issues are also tax exempt. Small issues
are issues of $1 million or less, the proceeds of which
are used for the aquisition or construction of depreciable
property or land, such as a small hydro facility. At the
election of the issuer, the $1 million size limit can be
raised to $10 million due to amendments to the Internal
Revenue Code in the Revenue Act of 1978, This small
issue exemption should benefit many small hydro
facilities.

If non-public entity participation is involved, it is
strongly recommended that the tax status of a proposed
revenue bond issue be determined in the early stages of
the project proposal.

Some Repayment Provisions, Bond repayment provi-
sions may vary depending on local circumstances and
the money market situation. Serial bonds are bonds that
mature annually according to the serial number. For
example, if 1000 bonds are issued, bonds numbered 1
through 40 would mature and be redeemed the first
year, bonds numbered 41 to 80 the second year, and so
on.

Term bonds mature and are redeemed at the end of a
term or period of years, with only the interest on the
bonds paid during the interim. Usually, a sinking fund is
built up to pay off the bonds at the end of the term. Con-
sequently, the cash needs of the issuer are similar to
what would be required if the project were financed with
a fully amortized loan.

Generally, the larger the obligation is, in relation to
the financial size of the issuing entity, the longer is the
maturity period. The maximum period ranges from 30
to 50 years depending on the statutes that govern the
entity. These statutes will vary by state and also by the
type of public entity within a state.

Costs. When a bond issue is to be sold, usually it is put
out to bid, and other things being equal, the bidder
(underwriter) offering the lowest average interest rate
will be awarded the bid. If the maturity period of the
bonds extends over a considerable period of time, then
often the bonds that mature early will bear a different
interest rate than later-maturing bonds. The rate may be
either higher or lower depending on the supply-demand
situation in the financial markets at the time of issue.
Usually, however, longer maturing bonds require a
higher interest rate.

All or part of a bond issue may be callable before
maturity. That is, the issuing entity may wish to call in
the bonds ahead of their maturity date and pay off the
bondholders. Usually, though, a small bonus must be
paid by the issuer to the bondholder Refunding bonds
are similar to callable bonds in that the bonds are called
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in and replaced by another bond issue with differne
terms (usually lower interest rates) and conditions.

When a bond issue is sold, a covenant or contract bet-
ween the seller and buyer is executed in which all of the
terms and conditions are set forth governing such things
as the coupon (interest) rate for each bond during its life
and callable and refunding features, if any. A bond may
be subsequently resold many times before it matures
and is redeemed by the issuer.

Investor-Owned Project Financing. Corporations in
the utility business have choices broader even than pub-
lic entities in funding a capital improvement Many
types of bonds, notes, warrants, preferred stock and
common stock may be issued, subject, of course, to
state and federal regulatory approval Original issues
may be sold only in states where they comply with the
securities laws.

Investor-owned utilities (IOU) may issue various
types of bonds that, like a public entity’s bonds, are
simply promises to pay back to the lender the principal
and interest thereon over a specified period of time. The
bondholder is the creditor. He has no voting power, but
has first claim on the assets of the firm in case of liquida-
tion. However, prior issues of bonds still outstanding
have a higher priority claim. Such bonds also may have
callable or refunding features and other terms and con-
ditions as set forth in the bond covenant.

10U bonds are not general obligation bonds because
the utility does not have the power to tax. They are
more similar to revenue bonds in that the project
revenues or other revenues are used to pay off the
indebtedness. Also, interest paid on the bonds (or notes
and warrants) is subject to federal and state income
taxes. Consequently, because of the higher risk and
income tax law provisions, the cost of borrowed money
is much higher (about 50 percent more) for IOUs than
for public entities in the utility business.

An I0U also sells common stock that is evidence of

ownership or equity in the firm as contrasted with that
of a creditor position. The stockholder has a voting
right, and therefore controls corporate policy, and a
residual claim on profits after all prior claims have been
satisfied. Unlike bonds, dividends are paid if profits
have been made and, again, unlike bond interest, these
dividends may vary from time to time or even not be
paid at all if the financial condition of the firm is poor.

Preferred stock may be issued. Such stocks are in an
intermediate position between bonds and common
stock. They have a lower priority on corporate assets
than the bondholder but higher than the common
stockholder. The dividend rate is fixed, as in the bond
interest rate. The priority on assets and earnings is
below that of the bondholder, but higher than the com-
mon stockholder And usually there is no voting privi-
lege

Dividends paid on common and preferred stock are

taxable income (unless the dividend paid is a return of

Economic and Financial Analysis

capital due to poor earnings).

IOUs try to maintain a balance between bonds and
stock in their financing. Inasmuch as IOUs are regulated
as to theirrates and require approval of public regulatory
agencies to issue bonds and stocks in return for being
given a franchise or monopoly position for a given area,
their securities do not fluctuate much in price, and their
dividends are ielatively secure.

Establishing Financial Feasibility

Cost of service is the term commonly used for the
cost of producing electrical energy at the point of owner-
ship transfer. In the case of small hydroelectric develop-
ment, this will typically be the annual costs of delivering
power to the high voltage side of the step-up
transformer divided by the annual energy production.

If the cost of service is less than the value of the
energy produced, it should be possible to negotiate a
marketing agreement that allows the project to be
implemented while providing the needed security in
debt service payments. This is because both parties can
financially benefit from the project, which is the essen-
tial requisite for entering into relationships. Because
inflation will generally increase the value of energy
faster than the cost of services, it will usually be suffi-
cient to show that the cost of service is favorable within
the first few years of project operation.

Occasionally it may be desirable to calculate the
levelized cost of service from small hydro for com-
parison with alternate utility production costs. This
technique is outlined.

Cost of Service Calculations. This section briefly
describes how cost of service is calculated and presents
an exampie of the cost of service for average energy pro-
ductiion throughout the life of a project.

The lump-sum capital-cost estimate is used to estab-
lish the completed project cost. The method illustrated
in Table 4-1 is applicable. The cost of capital used in
calculating annual debt service is also used in construc-
tion financing unless some circumstances particular to
the project indicate otherwise. With the completed cost
estimate and the cost of financing specified, the annual
debt service can be calculated

The debt service payments plus other escalating and
constant annual costs are then summed to estimate total
annual cost through the project financing period. Total
annual cost divided by average annual energy produc-
tion yields the expected cost of service.

A brief example of a municipal utility project is pre-
sented to illustrate the method. Assume:

(1) completed cost equals $6,000,000

(2) annual O&M in the first year of operation equals
$135,000

(3) cost of financing from Figure 6-1 is approximate-
ly 6 percent

(4) 30-year financing period

Then the capital recovery factor is CRF = .07265 and
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annual debt service is approximately $435,900.

Table 6-1 shows the results of the cost-of-service
calculations.

QOver the 30-year financing period used in this exam-
ple, the cost of service approximately doubles. Over this
same period, the value of energy — which was close to
the original cost of services and escalated at the same
rate as O&M — increased by a factor of about five This
example illustrates how inflation will generally enhance
the project’s long-run annual value,

Occasionally, it may be desirable to convert the
escalating cost of service into a levelized cost. This can
be accomplished by discounting and summing the cost
of service stream to the first year of operation and then
calculating the constant annual cost, which is equivalent
to the summed costs. Since the procedure would only be
used to compare the cost of the hydro project to an alter-
native available to the power purchaser, the appropriate
interest rate to use in these calculations is the weighted
average cost of capital to the power purchaser. If the
levelized cost of the hydro plant is less than the cost of
the power purchaser’s alternatives, it should be possible
to negotiate a marketing agreement that allows project
implementation.

Sensitivity Analysis. Frequently, some form of sen-
sitivity analysis should be performed to provide addi-
tional information for the decision makers. This is par-
ticularly true when some parameter is not known with
certainty or will be fixed at some time in the future.

A good example of an uncertain parameter that might

be the subject of a sensitivity analysis is the cost of

financing. At the compietion of the feasibility study, the
actual financing may not be obtained for one or even
two years even if the sponsor decides to implement the
project in a timely manner. As an examination of Figure
6-1 shows, over this period the cost of financing can
range a full two and one-half percentage points. For this
reason, the project sponsor may need a sensitivity

analysis of the effect the financing cost has on the cost of

service.

The results of this analysis will allow the implementa-
tion decision to be made with more complete
knowledge.

To illustrate, the example from the preceding section
was used to perform this sensitivity analysis. Completed
cost was assumed to be constant at the $6,000,000
figure, and the interest rate was varied over the five to
eight percent range after examining Figure 6-1. The
impact on the cost of service in the first year of opera-
tion is shown in Figure 6-2. If the value of power from
this project is 2.5¢/kwh, the sensitivity analysis shows a
definite risk in going ahead with the project, even
though the current interest rate yieids reasonably
favorable results, The utility of the analysis is evident.

Other project parameters that may be desirable to
investigate include initial value of the project’s energy,
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compieted cost, operation and maintenance costs, and
escalation rates.

Coverage of Revenue Requirements. The project’s
minimum revenue requirement must be assured with a
high degree of certainty for the project to be able to
attract funds for implementation. Discussed below are
several ways the necessary level of security can be
obtained.

Mairketing Arrangements. Most small hydro projects
are expected to obtain revenue security through a power
contract executed with the ultimate power purchaser
For the power contract to be an effective device to
secure debt service on the long-term project financing,
several conditions must be met

1. The contract must require payments sufficient to
cover debt service in all events This requirement is
necessary to transfer force majeureand other risks to the
power purchaser and away from the holders of project
debt.

2. The capability of the power purchaser to give this
assurance must be proven. In the case of large IOU’s
where the state-level PUC approves of the power con-
tract, the assurance will generaily be present.

3. The power contract should generally be in force for
the length of the financing period.

Sponsor Guarantees. If security for the project debt
service is not present in the marketing agreement, the
financial integrity of the project sponsor may be used as
security If the sponsor is a public entity, issuing general
obligation bonds effectively secures the debt service
with the overall integrity of the project sponsor.

In a similar manner, a private sponsor can guarantee
debt service. One method is pledging specific real assets,
in addition to the project itself, as security. Large cor-
porations are frequently able to issue bonds or other-
wise borrow funds not specifically secured by real assets
but relying on the general credit worthiness of the bor-
rower.

In the typical small hydro project, sponsor guarantees
are not expected to be the source of security.

Power Production as Security. Conventional projects
financed with revenue bonds are sometimes secured by
the projected revenues generated by selling the project’s
output. The rule of thumb often used to determine if the
expected revenue from the project is adequate is to
calculate the excess of revenues over operating
expenses and debt service. If this excess exceeds 25 to
30 percent of annual debt service, as a general rule the
project can be financed.

If small hydro output is sold on a per kWh basis, the
situation is similar to the conventional project.
However, because power production will vary based on
the flow conditions, the rule of thumb applied to
average production may be inadequate to determine if
the project is sound.

The risk of a revenue deficit from low-flow conditions
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can be calculated in a reasonable manner The pro-
cedure is to first calculate the minimum revenue
requirement to meet all costs. Then, using the expected
per kWh price, the annual production necessary to meet
these requirements can be calculated. Finally, an annual
energy production histogram (as shown in Figure 3-3)
can be used to calculate the risk of a revenue deficit. The
risk would be measured by the proportion of the time
annual energy production is less than the minimum
requirement.

As a general rule, there can be no risk of a revenue
deficit from low flow if the project is to be acceptable to
the bond purchasers.

Financial Consultants in Public Sector Financing

Bond financing of a capital improvement project
requires the services of the finance, legal, accounting
and engineering professions. Each contributes to a proc-
ess that requires development of a financing plan and its
subsequent implementation through the preparation of
bond sale documents, creation of a marketing program
and finally the bond sale. While the issuer’s staff, the
auditors and consulting engineers all provide essential
information for the documents required to market
bonds, the financial advisor, drawing on the legal
expertise of bond counsel, is responsible for creating
and preparing the market for the securities being issued
to raise the required capital.

Financial advisory or bond counsulting services are
provided by several different types of organizations,
including investment banking firms, commercial banks,
and independent consulting firms. These differ from
one another in their activities in addition to bond con-
sulting. Investment banking firms underwrite (buy for
subsequent resale) and distribute all types of securities,
while commercial banks underwrite and distribute only
U.S. government and general obligation bonds, as they
are prohibited by federal law from underwriting most
types of revenue bonds. Independent consultants do not
underwrite or distribute securities. Consequently, an
investment banking firm may have more experience in
hydroelectric revenue bond financing than the other
two, and it also could act as investment banker in the
event the bonds are sold by negotiation rather than
competitive bid.

Tax Status. When the small hydro project is con-
stituted by a municipal or other publicly owned utility,
the common practice is to finance the project with tax-
exempt electric revenue bonds.

The tax-exempt nature of these securities is of major
importance and is the reason their interest rates are
substantially lower than corporate securities.

When a municipality or other public entity is building
a generating facility that will be used by an investor-
owned utility, the bonds may be deemed to be industrial
development bonds, and as a result there may be a loss
of the federal income tax exemption. The terms of the
power sales contract must be drafted to avoid creating
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an industrial development bond as defined by federal
law and Internal Revenue Service regulations and rul-
ings. In simple terms, the exemption is preserved if less
than 25 percent of the capacity is used by an investor-
owned utility or if the utility’s system serves no more
than two counties.

Recent changes to the Internal Revenue Code con-
tained in the Revenue Act of 1978 may increase the
ability of a project sponsor to retain tax-exempt status
even if more than 25 percent of the capacity is used by
an I0U. Funds used to finance portions of the water-
related facilities may be tax exempt due to these
changes. In addition, increases in size limits of certain
exempt small issues may allow the powerhouse to be
financed with tax-exempt securities.

The financial advisor and legal counsel consider these
matters in recommending terms for the power sales
contract. This is generally done during the planning
stage.

Financial Advisor’s Role. The role, in detail, that a
financial advisor plays in financing a project is described
below for each stage in the process: financial planning,
document preparation, market development and bond
marketing.

Development of a Financing Plan. The development of
the financing plan should be based, among other things,
upon (1) the engineering studies on the construction
program of the proposed project for which financing is
required, including the estimates of construction and
acquisition costs and the schedule of drawdown of
construction funds, (2) studies on the economic and
financial feasibility of such a program, (3) studies on the
future revenue base of the client to support its existing
indebtedness and proposed future indebtedness to be
incurred in connection with the construction program
for the project, and (4) the existing corporate, statutory,
financial and legal structure of the client as it pertains to
the project. This financing plan, which must be drafted
in complete concert with the appropriate members of
the client’s staff and its legal and engineering
consultants, should cover, among other things, the
following areas:

1. The results of a complete review of the client’s
existing financial and legal structure as it pertains to the
project, and more particularly the provisions incorpor-
ated into the bond resolutions of the client.

2. The contemplated amount of bonds or other forms
of indebtedness necessary to be issued to finance the
immediate as well as anticipated future capital require-
ments of the project. The amount should include the
costs of construction, land acquisition, funded interest
during the construction period, appropriate amounts for
reserves, contingencies and fees, financing costs, etc.
This area should also encompass suggestions and
recommendations on a shorter medium-term financing
program to be implemented prior to or in conjunction
with the long-term financing program. This evaluation
of alternative financing concepts should include a
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review of legal constraints, market conditions, timing of

capital requirements, comparative cost of money, and
impact on the client’s credit standing,

3. The proposed financial structure and the suggested
security provisions covering the proposed revenue
bonds of the client to be issued to finance the project.

4. The establishment of maturity schedules for the
revenue- bond issue and subsequent issues or shorter
medium-term notes to be issued to finance the project,
and the establishment of appropriate redemption provi-
sions for the initial issue of the bonds. This should also
encompass a complete review of the benefits or detrac-
tions of term bonds versus serial bonds, or a combina-

tion of serial and term bonds, for the purpose of

developing, among other things, the most favorable
cost of money.

5. The provisions of a financial nature to be incorpor-
ated, where applicable, into any participation agree-
ment, power sales agreements, and any other agree-
ment necessary to implement the improvement and
construction program of the client in regard to the pro-
ject. Such contracts are very important to the successful
sale of the revenue bond issue for small hydro projects
due to the fact that the security and quality of the issue
is frequently based on not only the strength of the client
but also on the strength of the other participants
involved.

6. The financial provisions, in depth, to be incorpor-
ated into the bond resolution under which the revenue
bonds to finance the project will be issued and will be
secured. These provisions must be carefully developed
in order to provide the project sponsor with the max-
imum degree of flexibility and an acceptable financial
and legal structure to sophisticated institutional inves-
tors throughout the United States. These provisions
should address:;

—The establishment of a specific construction fund or
funds, the methods of disposition and investment of the
moneys in said fund or funds, and the disposition of any
surplus money therein.

—The establishment, if deemed appropriate and in
concert with the existing resolutions of the client, of
specific funds within such bond resolution to cover (1)
operation and maintenance expenditures, including
necessary provision for working funds, (2) the payment
of interest on and principal of bonds when due, and
reserves therefore, (3) necessary reserves for extraor-
dinary renewals and replacements, depreciation, public
liability claims, etc., and (4) purchase of new or replace-
ment equipment,

—The proposed covenants or revisions thereto
governing the issuance of additional revenue bonds.

—The establishment of such additional covenants
regarding rates, consulting engineers, audits, annual
reports, etc., as may be deemed appropriate or neces-
sary.

7. The timing of issuance of the bonds or the
drawdown of note or loan funds that should be based in
part upon the anticipated drawdown of conasiruction
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funds, as well as the anticipated construction or acquisi-
tion contractual obligations of the project.

8. In collaboration with the bond counsel or general
counsel to the client, the provisions of a financial nature
to comply with such rules and regulations of the
Securities and Exchange Commission, the Internal
Revenue Service and any other federal agency that may
have a bearing on the financing and construction
program of the project.

9. To the extent deemed necessary for the
development of the financial plan, financial analysis of
pertinent data furnished by the client, its engineers, or
other consultants on sources and estimated amounts of
revenues, and other funds that might reasonably be
expected to be available to the client to aid in financing
the construction, acquisition, operation and
maintenance of the project or the payment of principal
and interest on its prospective future revenue bonds.

10. In conjunction with the financial plan, the
financial advisor would perform any additional financial
analysis and attend any hearings, to the extent neces-
sary and proper, in matters required by administrative,
judicial, legislative and other government bodies that
would be necessary to the successful completion of the
revenue bond issue.

Development of All Necessary Documentation. Upon
completion and acceptance by the client of the principles
incorporated within the plan for financing the project,
the duties and responsibilities of the financial advisors
should encompass the coordination of work with the
attorneys of the client, including bond counsel,
regarding the financial and security provisions to be
contained in the instruments authorizing and securing
the bonds.

In addition, in collaboration with the client’s financial
staff, its legal counsel and its engineering consultants,
the financial advisors will prepare all necessary under-
writing documents and the “‘Official Statement.”” The
Official Statement includes the:

1. Amount and title of the bond issue, with
maturities, interest rates, call feature, paying agents,
registrability features, approving attorneys, etc.

2. History and description of the client and the source
of its authorization to issue bonds.

3. Full disclosure of the purpose of the bond issue
and description of the project to be financed.

4. Feasibility studies.

5. Detailed disclosure of historical operating records
of the client.

6. Description of the revenues or other moneys, if
any, pledged to the payment of the bonds.

7. Full disclosure as to use and application of the
bond proceeds.

. Summaries of the authorizing bond resolution,
trust indenture, power sales agreement, and any lease
and related proceedings.

Market Development for Revenue Bonds. One of the
major functions of the financial advisors is the
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development of a market for the revenue bonds to
finance the project prior to the actual sale. This is
probably one of the more difficult functions to
successfully accomplish in view of, among other things,
the constant competitive pressures within the national
money market from bond issues of federal agencies,
corporations and municipalities, and municipal
agencies. Some of the specific tasks the financial advisor
would perform for the client in preparing and
developing a market for its proposed bonds would
include:

1. Develop an extremely broad and comprehensive
nationwide mailing list of all institutional investors who
have or could have an interest in the financing programs
of the client. Through this mailing list, all pertinent
documents and additional information that is deemed
useful and appropriate would be disseminated.

2. Assist the client in developing a presentation and
making the presentations concerning its financial and
legal structure and the security aspects of the bonds to
finance the project to the appropriate rating and credit
agencies.

3. Assist the client in arranging and conducting such
tours by representatives of institutional investors of the
physical properties and operations of the client as are
deemed appropriate or advisable.

4, Assist the client in conducting information or due
diligence meetings in major financial centers as is
deemed appropriate or necessary. This function is very
important for the success of the financing of the project
at hand as well as the future financing programs of the
client through the medium of his revenue bonds. Since
5,000 commercial and savings banks and fire and
casualty insurance companies constitute the
institutional market for municipal securities, this broad
market must be effectively developed on behalf of the
client and the project in order to insure to the greatest
extent practicable the lowest cost of money.

5. Arrange on behalf of the client special meetings
with major inStitutional investors throughout the
United States to fully inform such institutions on all
aspects of the client and his construction and financing
program.

Marketing the Bonds. The fourth major function of the
financial advisor is the formal marketing or sale of the
client’s bond issue. This should be accomplished when
the market has been developed and conditions in
general are opportune. In implementing the sale of
bonds, some of the more important steps would include
the following:

1. Determine the most appropriate method of sale of
the bonds, whether private placement with institutional
investors or public offering on a competitive or negoti-
ated basis. The major factors affecting this discussion
are the statutory rights and power of the client, the con-
dition of the market, the availability of funds with
institutional buyers and an evaluation and comparison
of the possible interest costs under either financing
method.

2. Within the financial requirements, recommend
the most appropriate issue structure to insure the
broadest possible market acceptance. This would con-
template utilizing serial bonds, term bonds or a com-
bination of both.

3. Assist in the preparation of the official notice of
sale, if appropriate, or any public announcement regard-
ing the sale of notes or bonds.

4. Determine, again within financial requirements,
the most appropriate time to market the bond issue.
While it is admittedly impossible to precisely predict
bond markets, the advisor should follow and analyze
money market trends, the future supply of new debt
issues, secondary market activity and buying patterns of
investors — all important considerations in scheduling a
sale date.

5. Attend any sales of notes or bonds and assist the
client in the analysis of the bids. The purpose is to deter-
mine the accuracy and appropriateness of all proposals
that may be submitted.

6. Advise and assist the client in arranging for print-
ing, execution and signing and delivery of the bonds
after the bond sale.

Cost of Issuing Bonds. The table below shows a
range for the costs of issuing bonds. The financial
advisor’s fees are established by con- tract following dis-
cussions with the issuer. The remaining expenses are
normally provided for out of the gross spread, which is
the difference between what the issuer is paid for the
bonds and the price at which they are sold to the public.

Percent of Issue

Financial advisor 03% — 0.5%
Expenses 02 —04
Underwriter’s fee 02 — 04
Salesman’s takedown 1.0 — 20
Total Financial 1.7% — 3.3%

Additional to these financial costs are other financially
related fees paid to legal counsel, bond counsel and
auditors.
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SECTION 7
SUMMARY AND COST GUIDELINES

Summary

Small hydroelectric development is an important
renewable electric resource in the United States. The
Public Utility Regulatory Policies Act of 1978, part of
the national energy plan, contains specific provisions
that may enhance small hydro development. The Act
has required the FERC to prescribe rules for wheeling
and purchasing small hydro output by electric utilities. It
also contains important provisions that authorize fund-
ing for both construction and feasibility studies.

The feasibility stage is a period of major risk for the
project sponsor, since all funds spent during this time
are subject to total loss if the project is not viable In
many cases the sponsor will be unwilling or unable to
take this risk, and the project will not be able to proceed.
The feasibility funding provided in the Act should help,
in many cases, to reduce the sponsor’s risk to acceptable
levels. The project sponsor can also minimize the poten-
tial financial loss by avoiding intermediary feasibility
studies that do not allow the implementation decision to
be reached.

Small hydro projects are capital-intensive, and conse-
quently debt service comprises a major portion of cash
disbursements, particularly in the project’s early years.
Because of this, project feasibility is sensitive to the cost
of financing. The public sector, with its low-cost capital,
will find small hydroelectric development more attrac-
tive than private promoters. Continuing escalation in
the value of energy may reduce the importance of low-
cost capital.

However, under current law, debt securities issued by
a public sponsor may lose their tax-exempt status,
depending on the disposition of the project’s power out-

put. If a public project sponsor intends to sell the power -

output to investor-owned utilities, the tax status of any
debt securities used to finance construction must be
determined at an early stage.

With many of the potential small hydro sites con-
trolled by public entities, congressional legislation on
the tax status of revenue bond financing for small
hydroelectric developments may be desirable. Suitable
legislation could decrease the current uncertainty in
regard to the financing costs of many projects. Also, if
small hydro developments were added to the list of
categorically tax-exempt activities (Internal Revenue
Code SEC. 103 (b) (4)), publicly developed small hydro
developments would be assured of low-cost of capital
This would make more projects financially feasible,
thereby accelerating small hydro development and
furthering the nation’s energy plan.

The marketing of small hydro output will play a
central role in achieving feasible projects. The market-
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ing agreement will, in many cases, provide the security
necessary to obtain project financing Consequently,
adequate financial and legal counsel must be obtained to
ensure that the ultimate power contract contains all the
essential elements for financing to be arranged.

Summary Procedure, Figure 7-1 summarizes a pro-
cedure applicable to the economic and financial analysis
of small hydroelectric projects. There are three major
stages in the analysis. First, all of the cost, power pro-
duction and marketing information must be assembled
and organized in an understandable manner. Second,
the economic and financial analysis is done using the
best estimates of all the project parameters. The
economic analysis screens and ranks the development
options. If none of the options is viable, the analysis can
be terminated. The financial feasibility of options that
appear economically viable is then investigated. Once
again, if no viable financing plan can be formulated the
project may be infeasible. Third, if one or a number of
the development options are viable, the impact of
changes in the major project parameters may need to be
investigated. In the case of small hydro, sensitivity
analysis will usually suffice. However, in some cases a
risk analysis may be necessary. This would most likely
occur when the project alone is the security for the len-
ders.

Cost Guidelines for the Study

Level-of-effort guidelines that can be used to deter-
mine the costs to perform the power market and
economic and financial tasks of a feasibility study have
been based on experience in developing cost proposals
for small hydroelectric and other related projects in
addition to having documentation as to the actual
expenditures incurred for completed projects. Fifteen to
25 percent of the total feasibility costs is generally
required to complete the market and economic and
financial tasks

Power Market Analysis. This task generally consists
of peforming the market analysis as discussed in Section
3 and preparing the narrative portion, which would
include tables and figures as appropriate.

Completing the power market task will take anywhere
from 15 to 25 man-days and approximately 10 to 15 per-
cent of the total feasibility study cost.

Economic and Financial Analysis. Preparation of the
economic and financial analysis has been discussed
extensively in this volume of the Feasibility Investiga-
tion Manual. While this task is central to project
feasibility and integrates all of the information into a
measure of economic desirability, the level of effort
involved is relatively modest.
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The economic and financial analysis task will take
anywhere from six to ten man-days and approximately
five to 10 percent of the total feasibility effort. In addi-
tion, the level of effort estimate takes into account the
preparation of the narrative portion, which would

include supporting tables and charts as appropriate.

The level of effort that can be expected in completing
the power market and economic and financial tasks of a
small hydroelectric project feasibility study is sum-
marized below.

% of Total Total Level of Effort by Professional Classification (Man-Days)
Task Cost Man-Days Draftsman/Tech Jr. Associate Sr. Associate
Power 10-15 15-25 2-3 10-15 3.7
Market
Economic and 5-10 6-10 1 3-5 2-4
Financial
7-2 Vol 11
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ASSEMBLE COST INFORMATION ON ALL
OPTIONS BEING CONSIDERED FROM

ESTABLISH VALUE OF

DETERMINE POWER PRODUCTION
POWER FROM MARKET

FOR THE OPTIONS BY

THE CIVIL, ELEC./MECH., AND DAM

HYDROLOGIC ANALYSIS

ANALYSI!S

INTEGRITY INVESTIGATIONS

PERFORM ECONOMIC ANALYS!S

(NPV, IRR OR B/C)

-

PERFORM SENSITIVITY ANALYSIS
¥WITH THE MAJOR VARIABLES

RESULTS NO ESTIMATE MINIMUM REVENUE
FAVORABLE - REQUIREMENT AND END.
? PROJECT NOT FEASIBLE
N
PERFORM 4.___ﬁ
FINANCIAL ANALYSIS
RESULTS \ NO ADJUSTMENTS NO
FAVORABLE POSSIBLE IN RECEIPTS
? OR DISBURSEMENTS?
YES

RESULTS
FAVORABLE

PROJECT FEASIBLE

?

CONTINUE
INVESTIGATION
?

PROJECT NOT FEASIBLE BECAUSE OF
EXCESSIVE RISK AS SHOWN BY
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v

LEVEL OF EFFORT
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PROJECTS

PERFORM SIMULATION ANALYSIS
T0 QUANTIFY RISK
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ACCEPTABLE
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?

PROJECT NOT FEASIBLE
TO0 RISKY

Figure 7-1. Summary procedure.
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EXHIBIT I
FEDERAL ENERGY REGULATORY COMMISSION
(FERC)

i

ANNUAL REPORTS OF FINANCIAL ACCOUNTS,
PLANTS, OPERATIONS

Form 1: Annual Report (Classes A and B)

Detailed financial and operating information, filed by
federally and privately owned electric utilities with
electric operating revenues of §1 million or more. Due
March 31

Form 1-F: Annual Report (Classes C and D)

Financial and operating information, filed by privately
owned electric utilities with annual electric operating
revenues of between $25,000 and $1 million. Due
March 31.

Form 1-M: Annual Report, Municipal Electric Utilities

Similar information from municipal electric utilities
with annual revenues of $250,000 or more. Due March
31

Form 9: Licensed Project Annual Report

From owners of major privately-owned FERC-
licensed hydroelectric projects, covering all projects with
installed capacity of more than 2,000 horsepower owned
by the licensee. Due April 30.

ANNUAL POWER SYSTEM OPERATIONS

Form 12: Power System Statement

Filed by all investor or publicly owned systems which
generate all or part of their requirements and whose net
energy for the year was over 20 million kilowatt-hours.
Contains annual information on electric power genera-
tion, energy exchanges, and sales to ultimate con-
sumers. Due May 1. Full information on generating
equipment is filed on a five-year cycie only.

Form 12-A: Power System Statement

Same annual system generation and power exchange
information, filed by systems with from 5 to 20 million
kilowatt-hours net energy, systems engaged primarily in
sale for resale or sales to industrial users, and systems
which obtain their entire energy requirements from
other systems. Due May 1.

Form 12-C: Industrial Electric Generating Capacity

From all industrial establishments which own or
operate generating capacity, other than motor genera-
tors, under 5,000 kilowatts. Due May 1.

Form 12-D: Power System Statement

Filed annually by each utility with energy require-
ments under 5 million kilowatt-hours, containing infor-
mation on generation, energy exchanged, deliveries to
ultimate consumers by type of use, and projected
changes in system generating facilities. Due May 1.

Form 12-F: Power Line Data

Economic and Financial Analysis

ELECTRIC REPORTS

Power line data, filed by electric utility systems with
power lines operating at 69 kilovoits and above. Data
submitted is as of June 30 each year and is due at the
Commission on July 31.

MONTHLY POWER GENERATION AND OPERA-
TION

Form 12-E-2: Monthly Supplement to Power System
Statement

Filed by approximately 270 major electric utility
systems. Several systems operated under some form of
power pool or common dispatching submit only a sum-
mary report. This monthly report provides energy
generation and monthly peak load data. A semi-annual
supplement provides near and long term load projec-
tions as well as generator and transmission line con-
struction schedules. Due 15 days after end of month
reported.

Form 4: Monthly Power Plant Report

Filed by all electric utilities with generating capacity,
monthly information on generation of electricity and
consumption and stocks of fuel (Form 4-white), and
from industrial establishments with installed generating
capacity of 10,000 kilowatts or more (Form 4-pink).
Due 10 days after close of month reported.

RETAIL POWER RATES

Form 3: Typical Net Monthly Bills for Residential Ser-
vice

Filed annually by selected power suppliers in each
state for specified communities, typical net monthly
bills for power at retail for residential service for com-
munities of 2,500 or more population; and commercial
and industrial service for communities of 50,000 or
more, o1 if there are no cities that size, the three largest.
Due about Feb. 15

Form 3-A: All-Electric Homes Data Sheet

Filed annually be power suppliers in all cities having
population of 50,000 or more or supplying the thiee
largest cities, net annual retail bills for all-electric homes
computed under rates applicable January 1. Also, latest
information on number of all-electric customers and
average electric consumption. Due April 1.

Form 3-P: Monthly Electric Bill Data

Residential, commercial, and industrial electric bill
data for the U.S. Bureau of Labor Statistics, Consumer
and Wholesale Price Indexes.

Form 13: Summary for National Electric Rate Book
Selected retail rate schedules of electric utilities, both

public and private, for inclusion in the FERC National

Electric Rate Book. Filed periodically as requested by
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FERC.

Form 82: Retail Rate Level Change

All changes in retail rates, filed within 60 days of date
of change, from all electric utilities serving at least one
community of 2,500 or more population.

OTHER ELECTRIC REPORTS

Form 5: Monthly Statement of Electric Operating
Revenues & Income

Monthly information on operating revenues and
income, filed by all privately owned electric utilities with
annual electric operating revenues $2.5 million and
over, and certain publicly owned utilities. Due about 40
days after end of month

Form 6: Initial Statement of Actual Legitimate Original
Cost

An initial statement of actual legitimate original cost
of FERC licensed hydroelectric projects, filed by all
licensees of projects over 2,000 horsepower installed
capacity and above.

Form 7: Statement of Actual Legitimate Original Cost

A statement filed after determination by the FERC of
actual legitimate original cost of construction of an
FERC-licensed hydroelectric project.

Form 67: Steam-Electric Plant Air and Water Quality
Control Data

Annual information on steam-electric plant air and
water quality control, for each generating plant 25
megawatts or more. Due May 1.

Form 80: Licensed Projects Recreation Report

From all licensees, a bi-annual report showing recrea-
tional use and development at FERC-licensed
hydroelectric power projects. Due June 30 in odd num-
bered years only.

Form 237-A: (Yellow) Fuel Emergency Report, Coal as
Principal Fuel

To be filed within two days after end of reported week
when any generating electric utility faces a fuel
emergency

Form 237-B: (Blue) Fuel Emergency Report, Oil as
Principal Fuel
To be filed within two days after end of reported week
when any generating electric utility faces a fuel
* emergency.

Form 423: Monthly Report of Cost and Quality of Fuels
for Electric Plants

Filed by each electric power producer for each plant
(steam, internal combustion, gas turbine or any mix) 25
megawatts capacity or greater, monthly data on cost,
quality and source of fuels delivered. Due days after end
of month reported.

Regional Reliability Council Annual Reports

The geographical area of the 48 contiguous states is
divided into nine electric reliability councils. Each of
these nine regional electric reliability councils submits
annually a non-formatted report detailing the regional
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coordinated bulk power supply plans. Listings of pro-
jected loads, existing and projected generation, and pro-
posed transmission lines (over 230 kilovolts) are
included. Information is also provided on the com-
munications systems and other coordinated operating
practices in each council area. Detailed information is
given for the upcoming 10-year period with more
general data for the 11-20 year upcoming period. Due
April 1.

Index of Electric Rate Schedules
Issued quarterly.

HOW TO OBTAIN COPIES

Files and records of the Federal Energy Regulatory
Commission are available for public inspection in the
FERC’s Office of Public Information. Photocopies of
public records may be obtained through a private firm
under FERC contract, requiring payment of a fee
directly to the firm. Written requests for photocopies
must be directed to the Commission’s Office of Public
Information. The reproduction company cannot accept
orders submitted directly by members of the public.
Completed orders are mailed C.0.D. by the Company.
Orders may also be picked up at the office of the
company or may be delivered by messenger within the
District of Columbia.

Most FERC publications are sold in the Office of Pub-
lic Information, on a cash, over-the-counter basis only,
in addition to availability from the Superintendent of
Documents, U.S. Government Printing Office

INFORMATION AVAILABLE OUTSIDE
WASHINGTON, D.C.

The Federal Energy Regulatory Commission requires
companies under its regulatory jurisdiction to keep the
following types of information available for inspection
by members of the public in a convenient form during
each company’s business hours at the places specified.

At an Electric Utility’s Principal and District or Divi-
sion Offices in the Territory Served:

Complete rate schedules clearly setting forth all
rates and charges for any transmission of electric
energy at wholesale for resale in interstate
commerce subject to FERC jurisdiction, and the
classifications, practices, rules and regulations
affecting such rates and changes, and all contracts
which in any manner affect or relate to such rates,
charges, classifications, services, rule and
regulations, or practices.
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Form No.

156

157

158

159

160

161
162A

162M

163

164

LIST OF PROPOSED

REGULATORY INFORMATION SYSTEM FORMS

Would Replace Part or
All of Existing Form

Title
Report of Generating Plant, Technical, Environ-
mental, and Operating Data

Annual Report of Power System Transmission and
Distribution Technical Data

Annual Report of Power Systems Energy Account-
ing, Peak Demands, and Intersystem Purchases
and Sales

Report on Retail Electric Bills and Rate Changes

Report of Industrial Generation of Electric Energy
and Electric Generating Capacity

Licensed Project Information

Annual Corporate and Financial Report for Class
A and B Electric Ultilities

Monthly Corporate and Financial Report for Class
A Electric Utilities

Corporate and Financial Report for Classes C and
D Electric Utilities and Licensees

Financial Report for Municipal Electric Utilities
and Federal Projects
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Nos.

1, 1F, 1M, 4

4A, 12, 12A,12D, 67, 423

1, 1F, 1M,
12, 12F

1, 1F, IM, 12,
12, 12D

3, 3A, 82
4B, 12C

9, 80
1
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FEDERAL ENERGY REGULATORY COMMISSION OFFICES

(Offtice
WASHINGTON, D.C.:
Director
Offire of Electric Power Regulation
Federal Tnergy Regulatory Commission
825 North Capitel Street, N E
Washington, D C. 20426
Tel: (202} 275-4006

ATLANTA:

Regional Engineer

Federal Energy Regulatory Commission
730 Peachtree Building

Atlanta, Georgia 30308

Tel: (404) 526-5134

CHICAGO:

Regional Engineer

Federal Energy Regulatory Commission
31st Floor, Federal Building

230 S. Dearborn St.

Chicago, Illinois 60604

Tel: (312 353-6171

FORT WORTH:

Regional Engineer

Federal Energy Regulatory Commission
819 Taylor Street

Fort Worth, Texas 76102

Tel: (917) 334-2631

NEW YORK:

Regional Engineer

Federal Energy Regulatory Commission
26 Federal Plaza (22nd Floor)

New York, New York 10007

Tel: (212) 264-3687

SAN FRANCISCO:

Regional Engineer

Federal Energy Regulatory Commission
US Customs House

555 Battery Street

San Francisco, California 94111

Tel: (415) 556-3581
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Serves

Alabama, Florida, Georgia, North and South
Carolina, Tennessee and parts of Kentucky, Mississip-
pi, Virginia, and West Virginia

Iilinois, Indiana, Iowa, Michigan, Minnesota, North
Dakota, Wisconsin, and parts of Kansas, Missouri,
Montana, Nebraska, Ohio, South Dakota, and Wyom-
ing

Arkansas, Colorado, Louisiana, Oklahoma, Texas,
and parts of Kansas, Mississippi, Missouri, Nebraska,
New Mexico, South Dakota, and Wyoming

Connecticut, Delaware, District of Columbia, Maine,
Maryland, Massachusetts, New Hampshire, New
Jersey, New York, Pennsylvania, Rhode Island, Ver-
mont, and parts of Kentucky, Ohio, Virginia, and
West Virginia

Alaska, Arizona, California, Hawaii, Idaho, Nevada,
Oregon, Utan, Washington, and parts of Montana,
New Mexico, and Wyoming west of the Continental
Divide
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EXHIBIT 11
EXTRACTS FROM THE
UNIFORM SYSTEMS OF ACCOUNTS
APRIL 1973
FEDERAL ENERGY REGULATORY COMMISSION

APPLICABILITY OF SYSTEMS OF ACCOUNTS

These systems of accounts aie applicable in principle
to all Classes A, B, C and D licensees subject to the
Commission’s accounting requirements under the
Federal Power Act, and to all Classes A, B, C and D
public utilities subject to the provisions of the Federal
Power Act. The Commission reserves the right,
however, under the provisions of section 301(a) of the
Federal Power Act, to classify such licensees and public
utilities and to prescribe a system or classification of
accounts to be kept by and which will be convenient for
and meet the requirements of sach class.

These systems of accounis are applicable to public
_ utilities, as herein defined, and to licensees engaged in
the generation and sale of electric energy for ultimate
distribution to the public.

The systems of accounts shall also apply to agencies of
the United States engaged in the generation and sale of
electric energy for ultimate distribution to the public, so
far as may be practicable, in accordance with applicable
statutes.

In accordance with the requirements of section 3 of

the act, the “‘classification of invstment in road and
equipment of steam roads, issue of 1914, Interstate

Commerce Commission,”” is published and promulgat-
ed as a part of the acconnting rules and regulations of
the Commission, and a copy thereof is located at Part
103 Irrespective of any rules and regulations contained
in these systems of accounts, the cost of original and
betterments thereof, shall be determined under the
rules and principles as defined and interpreted in said
classification of the Interstate Commerce Commission
so far as applicable

CLASSIFICATION OF UTILITIES

For the purpose of applying systems of accounts
prescribed by the Commission, electric utilities and
licensees are divided inte four classes, as follows:

Class A. Utilities having annual electric operating
revenues of $2,500,000 or more.

Class B. Utilities having annual electric operating
revenues of $1,000.000 or more but less than $2,500,-
000

Class C. Utilities having annual electric operating
revenues cf $150,000 or more but less than $1,000,000

Class D. Utilities haviﬂg annual electric operating
revenues of $25,000 or more but less than $150,000

ACCOUNTS FOR CLASS A, B, C, AND D PUBLIC UTILITIES AND LICENSEES
ELECTRIC PLANT ACCOUNTS

PLANT PRODUCTION

Hydraulic Production

330 Land and land rights.

331 Structures and improvements.

332 Reservoirs, dams and waterways.

333 Water wheels, turbines and generators.
334 Accessory electric equipment.

335 Miscellaneous power plant equipment.
336 Roads, railroads and bridges.
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Transmission Piant

350 Land and land rights.

351 (Reserved)

352 Structures and improvements.

353 Station equipment.

354 Towers and fitures.

355 Poles and fixtures.

356 Overhead conductors and devices.
357 Underground conduit.

358 Underground conductors and devices.
359 Roads and trails.
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ACCOUNTS FOR CLASS A AND CLASS B
OPERATION AND MAINTENANCE EXPENSE ACCOUNTS

POWER PRODUCTION EXPENSES

Hydraulic Power Generation

Operation

535
536
537

Operation supervision and engineering.
Water for power.
Hydraulic expenses.

538 Electric expenses.

539 Miscellaneous hydraulic power generation
expenses.

540 Rents.

Maintenance

541 Maintenance supervision and engineering.

542 Maintenance of structures.

543 Maintenance of reservoirs, dams and waterways

545 Maintenance of miscellaneous hydraulic plant.

TRANSMISSION EXPENSES

Operation

560
561
562
563
564
565
566
567

Operation supervision and engineering.
Load dispatching.

Station expenses.

Overhead line expenses.

Underground line expenses.
Transmission of electricity by others.
Miscellaneous transmission expenses
Rents.

Maintenance

568
569
570
571
572
573

Maintenance supervision and engineering.
Maintenance of structures.

Maintenance of station equipment.

Maintenance of overhead line.

Maintenance of underground lines.

Maintenance of miscellaneous transmission plant.

SALES EXPENSES
Operation

911
912
913
916

Supervision.

Demonstrating and selling expenses.
Advertising expenses.
Miscellaneous sales expenses.

ADMINISTRATIVE AND GENERAL EXPENSES

Operation

920
921
922
923
924
925
926
927
928
929
930
931

Administrative and general salaries.
Office supplies and expenses.
Administrative expenses transferred - Cr.
Outside services emplqyed.
Property insurance.

Injuries and damages.

Employee pensions and benefits.
Franchise requirements.

Regulatory commission expenses.
Duplicate charges - Cr.
Miscellaneous general expenses.
Rents.

Maintenance

932

Maintenance of general plant.

ACCOUNTS FOR CLASS C AND CLASS D
OPERATION AND MAINTENANCE EXPENSE ACCOUNTS

POWER PRODUCTION EXPENSES

Hydraulic Power Generation
Operation

530

Operation supervision and labor.

531 Water for power.
532 Operation supplies and expenses.
533 Rents.

Maintenance
535 Maintenance of hydraulic production plant.
TRANSMISSION EXPENSES

Operation
550 Operation supervision and labor.
551 Operation supplies and expenses.
552 Rents.

Maintenance
553 Maintenance of transmission plant.

SALES EXPENSE

Economic and Financial Analysis
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Operation

910

Sales expenses.

ADMINISTRATIVE AND GENERAL EXPENSES
Operation

920
921
922
923
924
925
926
927
928
929
930
931
933

Administrative and general salaries.
Office supplies and expenses.
Administrative expenses transferred - Cr.
Outside services employed.
Property insurance.

Injuries and damages.

Employee pensions and benefits.
Franchise requirements.

Regulatory commission expenses.
Duplicate charges - Cr.
Miscellaneous general expenses.
Rents.

Transportation expenses.

Maintenance

935

Maintenance of general plant.
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EXHIBIT III
PUBLIC UTILITY REGULATORY POLICIES ACT
PUBLIC LAW 95-617—Nov. 9, 1978
TITLE IV — SMALL HYDROELECTRIC POWER PROJECTS

SEC. 401. ESTABLISHMENT OF PROGRAM.

The Secretary shall establish a program in accordance
with this title to encourage municipalities, electric
cooperatives, industrial development agencies, non-
profit organizations, and other persons to undertake the
development of small hydroelectric power projects in
connection with existing dams which are not being used
to generate electric power.

SEC.402. LOANS FOR FEASIBILITY STUDIES.

(a) LOAN AUTHORITY.—The Secretary, after con-
sultation with the Commission, is authorized to make a
loan to any municipality, electric cooperative, industrial
development agency, nonprofit organization, or other
person to assist such person in defraying up to 90 per-
cent of the costs of —

(1) studies to determine the feasibility of undertak-
ing a small hydroelectric power project at an exist-
ing dam or dams and

(2) preparing any application for a necessary license
or other Federal, State, and local approval respect-
ing such a project at an existing dam or dams and of
participating in any administrative proceeding
regarding any such application.

(b) CANCELLATION. —The Secretary may cancel
the unpaid balance and any accrued interest on any loan
granted pursuant to this section if he determines on the
basis of the study that the small hydroelectric power
project would not be technically or economically feasi-
ble.

SEC. 403. LOANS FOR PROJECT COSTS.

(a) AUTHORITY.—The Secretary is authorized to
make loans to any municipality, electric cooperative,
industrial development agency, nonprofit organization,
or other person of up to 75 percent of the project costs of
a small hydroelectric power project. No such loan may
be made unless the Secretary finds that—

(1) the projeci will be constructed in connection
with an existing dam or dams,

(2) all licenses and other required Federal, State,
and local approvals necessary for construction of
the project have been issued

(3) the project will have no significant adverse
environmental effects, including significant
adverse effects on fish and wildliie, on recreational
use of water, and or: stream flow, and

(4) the project will not have a significant adverse
effect on any other use of the waier used by such
project.

The Secretaly may make a commitment to make a loan
under this subsection to an applicant who has not met
the requirements of paragraph (2), pending compliance
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by such applicant with such requirements. Such com-
mitment shall be for period of not to exceed 3 years
unless the Secretary, in consultation with the Commis-
sion, extends such period for good cause shown. Not-
withstanding any such commitment, no such loan shall
be made before such person has complied with such
requirements.

(b) PREFERENCE.—The Secretary shall give
preference to applicants under this section who do not
have available alternative financing which the Secretary
deems appropriate to carry out the project and whose
projects will provide useful information as to the techni-
cal and economic feasibility of —

(1) the generation of electric energy by such
projects, and
(2) the use of energy produced by such projects.

(¢) INFORMATION.—Every applicant for a license
for a small hydroelectric power project receiving loans
pursuant to this section shall furnish the Secretary with
such information as the Secretary may require regarding
equipment and services proposed to be used in the
design, construction, and operation of such project. The
Secretary shall have the right to forbid the use in such
project of any equipment or services he finds inap-
propriate for such project by reason of cost, petfor-
mance, or failure to carry out the purposes of this sec-
tion. The Secretary shall make information which he
obtains under this subsection available to the public,
other than information described as entitled to confi-
dentiality under section 11(d) of the Energy Supply and
Environmental Coordination Act of 1974.

(d) JOINT PARTICIPATION.—In making loans for
small hydroelectric power projects under this section,
the Secretary shall encourage joint participation, to the
extent permitted by law, by applicants eligible to receive
loans under this section with respect to the same proj-
ect.

SEC. 404. LOAN RATES AND REPAYMENT.

(a) INTEREST.—Each loan made pursuant to this
title shall bear interest at the discount or interest rate
used at the time the loan is made for water resoii-ces
planning projects under section 80 of the Wu:er
Resources Development Act of 1974 (42 U.S.C. 1962-
17{(a)). Fach such loan shall be for such term, as the
Secretary deems appropriate, but not in excess of—

(1) 10 years (in the case of a loan under section
402) or

(2) 30 years (in the case of a loan under section
403).

(b) REPAYMENTS.—Amounts repaid on loans
made pursuant to this title shall be deposited into the
United States Treasury as miscellaneous receipts.
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SEC. 405. SIMPLIFIED AND EXPEDITIOUS
LICENSING PROCEDURES.

(a) ESTABLISHMENT OF PROGRAM. —The Com-
mission shall establish, in such manner as the Commis-
sion deems appropriate, consistent with the applicable
provisions of law, a program to use simple and
expeditious licensing procedures under the Federal
Power Act for small hydroelectric power projects in con-
nection with existing dams.

(b) PREREQUISITES —Before issuing any license
under the Federal Power Act for the construction or
operation of any small hydroelectric power project the
Commission—

(1) shall assess the safety of existing structures in
any proposed project (including possible
consequences associated with failure of such
structures), and
(2) shall provide an opportunity for consultation
with the Council on Environmental Quality and
the Environmental Protection Agency with respect
to the environmental effects of such project
Nothing in this subsection exempts any such project
from any requirement applicable to any such project
under the National Environmental Policy Act of 1969,
the Fish and Wildlife Coordination Act, the Endangered
Species Act, or anly other provision of Federal law

(¢) FISH AND WILDLIFE FACILITIES —The
Commission shall encourage applicants for licenses for
small hydroelectric power projects to make tise of public
funds and other assistance for the design and construc-
tion of fish and wildlife facilities which may be required
in connection with any development of such project
SEC. 406. NEW IMPOUNDMENTS.

Nothing in this title authorizes (1) the loan of funds
for construction of any new dam or other impound-
ment, or (2) the simple and expeditious licensing of any
such hew dam or other impoundment,

SEC. 407. AUTHORIZATIONS.

There are hereby authorized to be appropriated for
each of the fiscal years ending September 30, 1978, Sep-
tember 30, 1979, and September 30, 1980, no to exceed
$10,000,000 for loans to be made pursuant to section
402, such funds to remain available until expended.
There are hereby authorized to be appropriated for each

of the fiscal years ending September 30, 1978. Septem-
ber 30, 1979, September 30, 1980, not to exceed
$100,000,000 for loans to be made pursuant to section
403, such funds to remain available until expended.

SEC. 408. DEFINITIONS.
For purposes of this title, the term--

(1) “‘small hydroelectric power project’> means
any hydroelectric power project which is located at
the site of any existing dam, which uses the water
power potential of such dam, and which has not
more than 15,000 kilowatts of installed capacity:
(2) “‘electric cooperative’> means any cooperative
association eligible to receive loans under section 4
of the Rural Electrification Act of 1936 (7 U S.C.
904);

(3) “‘industrial development agency’” means any
agency which is permitted to issue obligations the
interest on which is excludable from gross income
under section 103 of the Internal Revenue Code of
1954,

(4) “‘project costs’” means the cost of acquisition
or construction of all facilities and services and the
cost of acquisition of all land and interests in land
used in the design and construction and operation
of a small hydroelectric power project;

(5) “‘nonprofit organization’> means any
organization described in section 501(c)(3) or
501(c) (4) of the Internal Revenue Code of 1954
and exempt from tax under section 501(a) of such
Code (but only with respect to a trade or business
carried on by such organization which is not an
unrelated trade or business, determined by
applying section 513(a) to such organization);

(6) ‘‘existing dam’’ means any dam, the
construction of which was completed on or before
April 20, 1977, and which does not require any
construction or enlargement of impoundment
structures (other than repairs or reconstruction) in
connection with the installation of any small
hydroelectric power project;

(7) “‘municipality”” has the meaning provided in
section 3 of the Federal Power Act; and

(8) “‘person’” has the meaning provided in section
3 of the Federal Power Act,
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SECTION 1
INTRODUCTION AND OVERVIEW

Scope and Objectives

This volume presents techniques and examples of
procedures and references on investigations leading to
investments in small hydroelectric power additions to
existing facilities. Many of the procedures discussed are
equally applicable to larger power installations but
generally this volume is restricted to those structures
which presently make use of present reservoir release
patterns and authorized project purposes. Small
hydropower additions are intended to make a noncon-
sumptive use of water presently flowing past the site or
released from the impoundment for other purposes,
generally consumptive in nature. Even if storage is not
available at the damsite for other purposes, the
hydraulic head created by the structure can often be
economically utilized to generate electrical energy.

The definition of ““small” as adopted in this guide
manual, refers to installed capacities less than 15 MW.
References are made to various publications containing
detailed procedures beyond the intent of this volume.
More comprehensive discussions can be found in these
references on the concepts addressed herein.

Two levels of study are assumed when discussing
techniques of investigation procedures. A reconnais-
sance level of study is discussed first. More detailed
studies are then covered, which are intended to serve as
the basis for investment decisions and licensing applica-
tion requirements.

This volume presents procedures for developing data
concerning stream flow, evaporation, capacity vs.
average annual energy, spillway design, dam safety from
overtopping and statistical data concerning generation
patterns and power availability.

Overall Strategy for Hydrologic Study

The general procedure is to establish how much water
is available to divert through a turbine and the hydraulic
head associated with this flow. Information is needed on
the variability of the flow presently passing or released
from the structure. These data may be readily available
from the project owner-operator or may require estima-
tion from such records as are available at nearby points.
Estimates should first be made with reconnaissance
level of detail and later, if a feasibility level of study is
warranted, they can be refined and prepared in greater
detail. Net power head can be estimated based on pool
level and tailwater elevations which prevail at least 50
percent of the time. Estimates of hydraulic losses can be
based on engineering judgment. If average annual
energy estimates appear to have a value exceeding the
cost of adding the power plant to the existing facility, the
next step is to evaluate the spillway for structural and
hydraulic adequency. This entails the estimation of a
spillway design discharge and an evaluation of the
hydraulic characteristics of the existing spillway. Any
structural rehabilitation or improvement costs are
included in a second economic evaluation while still in a
reconnaissance level of study. All costs for the power
plant, including rehabilitation and improvements,
should be compared with the expected value of average
annual energy. If the project revenue from power
exceeds power costs by a wide margin, a more detailed
analysis should be made of all of the same basic items
but to a greater level of accuracy. Figure 1-1 presents a
diagram outlining the various tasks necessary to reach a
meaningful conclusion to hydrologic aspects associated
with the investment decision process.
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| DETERMINE STUDY LEVEL

| RECONNAISSANCE |-

Data collection;
Physical and hydrologic

{ FEASIBILITY |

Physical & hydrologic site
specific data collection

Flow characteristics

I
Effects of other project
purposes and operation

1

Determination of avail-
ability of daily, weekly
or seasonal storage

Determination of availability of
daily weekly or seasonal storage

I

Develop monthly and daily flow data

Net power head estimate

for 10-50 years plus flow-duration
I

Gross estimate of
capacity and energy

Use flow-duration curve to determine
average annual energy for a range of
assumed installed capacities
| |

1St check on economics

Economics check by others.

Continue or terminate study.

Detailed estimate of spillway
and auxillary outlets adequacy

Spillway adequacy

Redesign spillway and service
outlets if required and
estimate associated costs

Spillway modification
requirements & costs

nd

2" check on economics

]

Selection of ]
turbine type or alternatives

nd .
7"~ check on economics

Determination to terminate
study or go to feasibility

Sequential energy calculations for
a range of turbine-generators and
flow characteristics

I

Statistical analysis of energy gener-
ation and associated head variation

Prepare summary report
of findings

Evaluate alternative operation
schemes & environmental aspects

Document study and prepare

data and exhibits
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Figure 1-1. Hydrology and hydraulics study task outline for small hydropower additions to an existing facility.
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SECTION 2
DATA NEEDS AND SOURCES

Level of Study

Although the basic data needs are not much different
between the reconnaissance level of study and the
feasibility level of study, the detail and accuracy of these
estimates and the manpower expended to obtain them
usually will be significantly different. For instance, all
that may be needed in a reconnaissance level of
investigation is an estimate of average annual flow, and
average net power head. Some idea of the flow
availability during low flow seasons and years is needed
in order to estimate the likelihood of credit for dependa-
ble capacity. However, power benefits will typically be
based on average annual energy generation since
capacity will usually not meet the standard definition of
“‘dependable’.

Physical and Operational Data

Physical and operational data concerning the existing
structure are fundamental to even a gross reconnais-
sance estimate of power potential and energy estimate.
The following list indicates those items needed in the
feasibility level of data collection with those minima
data required for estimates at the reconnaissance level
shown with an asterisk (*).

1. Maximum hydraulic height of dam.

2. Emergency spillway elevation, type and dimen-
sions

3. Maximum elevation at which water can be stored.

4. *Normal water surface elevation.

5. Maximum allowable drawdown or inactive pool
elevation.

6. Outlet size, location and rating curve.

7. *Tailwater elevation at normal flow.

8. Surface area and storage versus elevation relation-
ships.

9. Storage purposes, if applicable, and operation
rules

Terminology frequently applied to a dam and storage
facility are shown schematically on Figure 2-1.

Hydrologic Data

Basic information and data are needed about the
drainage area and run off characteristics of the
watershed and any major water usage or diversions
upstream of the dam. Usually these data are available in
the files of the owner-agent or reports by State or
Federal water resources agencies. Recorded pool eleva-
tions and releases should be compiled and adjusted to
flow at the site under expected future conditions in
order to make reliable estimates of hydopower potential.
If no records have been kept, a search must be made for
stream gages in the surrounding region for which com-
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parisons and adjustments can be made to develop long
term (10-50 years) daily and/or monthly flow data.

If daily flow data are readily available flow-duration
data can be constructed from which to make average
annual energy estimates. The accuracy of the capacity
and energy estimates is dependent on the combined
accuracy of estimating flow characteristics and corres-
ponding head variability. The following list of
hydrologic data required in feasibility level energy
calculations shows those items needed for reconnais-
sance level studies marked with an asterisk (*).

1. Drainage area.

2. Daily and/or monthly flow data for an extensive
period of time (10-50 years)

3. *Flow-duration curves.

4. *Tailwater elevation versus flow relationship.

5 Spillway and outlet rating curves

6. Spillway design flood hydrograph.

7. *Pioject purposes, operation rules and storage
available.

8 Evaporation rates.

9. *Seepage losses, fish ladder water requirements,
diversions direct
from storage

10 Pool elevation-duration data.

11. *Annual peak discharge data may be needed to
assess the adequacy of the spillway capacity at some
projects.

12, Minimum flow requirements downstream of the
site.

Data Seurces

The most logical source for both the physical and
hydrological data is the operator-owner of the existing
facility. The U.S. Corps of Engineers have been given
the responsibility to prepare Phase 1 safety inspection
and evaluation reports on high hazard non-Federal
dams. These reports are a primary source of both recon-
naissance and feasibility level data. State Division of
Dams permit and inspection agencies files are a primary
data source in many states.

The majority of continuous flow data are published by
the U.S. Geological Survey (USGS). Mean daily flow
data are published annually by state and five year
summary reports are published by major river basin
grouping. Data published by States and by the USGS are
usually available in the State libraries, University
libraries or libraries of Federal agencies such as the U S.
Army Corps of Engineers, Bureau of Reclamation, or
Soil Conservation Service. District and Sub-District
offices of the Geological Survey can obtain computer
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Figure 2-1. Illustration of reservoir terms.
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listings from their National Water Data Storage and
Retrieval System (WATSORE) Both daily values and
annual peak discharges are available along with several
statistical analysis capabilities. Frequently, utility
companies, irrigation districts, water companies, and
other water using organizations collect similar surface
runoff data which may be published separately from the
Geological Survey publications or may be unpublished
but available if one is willing to spend the necessary
effort to compile the data in a usable form.

Streamflow Correlation Studies

If streamflow data are not available at the project site,
the nearest site of similar size and hydrologic charac-
teristics should be evaluated as a source of data that can
be proportioned by drainage area ratio. It would be
preferable to have observed data as near as possible
downstream of the project site in order to require a
minimum of adjustment for runoff between the project
site and the gage. This situation can also circumvent the
necessity of adjusting for evaporation and diversion
from the project. If comparison must be made strictly by
site similarities or from a nearby upstream gage, adjust-
ments must be made for any significant evaporation
losses, diversions, seepage losses and fish ladder flow
requirements. Sophisticated regional studies and cor-
relation procedures are generally not warranted during
reconnaissance studies and probably only infrequently
even during feasibility studies. In a situation where a
large investment cost and where installed capacities
approach the upper boundary of this manual may be
involved, it may be worthwhile to utilize a stochastic
procedure for estimating long term flow sequences to
evaluate extreme droughts. This would be particularly
applicable if dependable capacity were an issue. Detailed
discussion of correlation procedures and examples are
contained in Hydrologic Data Management, Vol. 2,
Corps of Engineers IHD 1972 and in most textbooks on
hydrology and statistics.

Introduction. Stochastic procedures are only justified
at the feasibility level of investigation and only then in
those cases where dependable capacity is a significant
issue and where project benefits warrant the extra study
expenditure. The term ‘‘simulation” is applied to the
mathematical or physical modeling of a phenomenon or
process. In this section, it is used to denote only the
mathematical modeling of a stochastic process. A
stochastic process is one in which there is a chance
component in each successive event and ordinarily
some degree of correlation between successive events.
Modeling of a stochastic process involves the use of the
“Monte Carlo”’ method of adding a random (chance)
component to a correlated component in order to
construct each new event. The correlated component
can be related, not only to preceding events of the
series, but also to concurrent and preceding events of a
series of related phenomena Work in stochastic
hydrology has related primarily to annual and monthly
streamflows, but the results often apply to other
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hydrologic quantities such as precipitation and
temperatures. A computer program, HEC-4 Monthly
Streamflow Simulation, number 723-X6-L2340, that
can be used for this purpose is available from The
Hydrologic Engineering Center, Corps of Engineers,
Davis, California.

Data Fill-In. Ordinarily, periods of recorded data at
different locations do not cover the same time span, and
therefore, it is necessary to estimate missing values in
order to obtain a complete set of data for analysis. In
estimating the missing values, it is important to
preserve all statistical characteristics of the data, includ-
ing frequency and correlation characteristics. To
preserve these characteristics, it is necessary to estimate
each individual value on the basis of multiple correla-
tion with the preceding value at that location and with
the concurrent or preceding values in all other locations.
There are many mathematical problems involved in this
process, and the details involved are discussed in the
computer program description for HEC-4, 1971.

Reliability. While the simulation of stochastic pro-
cesses may be able to add some dependability in
hydrologic design, the techniques have not yet
developed to the stage that they are completely depen-
dable. All mathematical models involve some
simpilification of the physical phenomena represented.
In most applications, simplifying assumptions do not
cause serious discrepancies. It is important at this state
of the art, however, to examine carefully the results of
hydrologic simulation to assure that they are reasonable
in each case.

Flow-Duration Curve

After monthly flow estimates have been completed,
these can be analyzed to find critically low flow periods
where several months or perhaps several years of daily
flow data should be estimated. These data will be used
to make more precise evaluations of electrical genera-
tion during average years and critical drought periods. If
daily flow data are available, or can be developed with a
reasonable degree of reliability, this should be done in
order to compute a flow-duration curve for the complete
period of record.

A duration curve of the observed, or estimated, flow
characteristics at the site should be based on daily data.
Adjustments for errors in estimates based on monthly
curves can be made but results would likely be less relia-
ble than those obtained from daily data. A duration
curve is developed by grouping all the daily flow values
into groups or classes within set ranges of discharge.
Enough classes should be specified to reasonably define
the curve (usually 10 to 30 classes). Starting at the high-
est discharge class, the number of days when the lowest
range limit was exceeded is accumulated for successive
classes and expressed as a percent of the total number of
recorded days. An example of this procedure is illustr-
ated in Table 2-1. A curve is then plotted with the lower
range limit of each class as the ordinate and the precent
of total events as the abcissa as shown in Figure 2-2.
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Flow-duration curves developed from monthly daia
generally become increasingly less reliable if power
storage is relatively small or nonexistent. Average dis-
charge estimates made from flow-duration curves
developed from monthly data will overestimate the
average flow through a given turbine capacity by as
much as 15 to 50 percent, depending on the day-to-day
variability of flow. Figure 2-2 iliustrates this possible
source of erroi. Use of flow-duration curve wili be dis-
cussed in Section 3.

Evaporation Data

Loss of water by evaporation can be a significant
quantity in the arid western United States if there is a
large surface area associated with the preject storage
Generally this refinement is ignored at the reconnais-
sance stage of investigation. Gross evaporation for the
reservoir area may be obtained from ‘*Class A pan
records in the iocality. These data are published by the
Environmental Data Services of NOAA by States cach
month. Evaporation data obtained from Class A pans
are too high and a coefficient averaging about 0.70 is
commonly used te reduce them to equivalent evapora-
tion values from a resetvoir surface. Estimates can also
be made by theoretical formulae but the availability of
wind velocities and vapor pressure data required for the
formula are less likely to be available than evaporation
data. A good source of evaporation data or estimates is
Federal, State, municipal, and private water agencies
which collect these data at their existing projects.

Often the same monthly evaporation is used for each
year of analysis, but if added refinement appears war-
ranted, a greater evaporation rate can be used during
drought years. Estimates of nerevaporation at about 130
locations throughout the United States aie contained in
Exhibit 1 taken from EM 1110-2-1701 (US Army
Corps of Engineers, 1952). Average annual values in
the sited reference range from 96 inches at Yuma,
Arizona, to a minus 20 inches at Mobile, Alabama.

If energy calculations are based on flow data repre-
senting observed reservoir releases, canal flow or simi-
lar type data, no adjustment need be made to lake
evaperation since it is already imbedded in the data.

Losses and Efficiencies

Losses. There are several reasons why all of the
energy of flowing or stored water cannot be converted to
useable electrical energy. Besides evaporation losses,
there are seepage losscs to groundwater, through the
dam, and around gate seats, leakage losses through idle
turbines, station use for sanitary and drinking purposes,
cooling water use for generator bearings, and water use
by navigation locks and fish ladders.

For existing structures, many of the possible sources
of loss can be evaluated by observation or measure-
ments. Large earth dams may exhibit losses as great as 5
to 10 cfs. Leakage losses through power plants vary,
depending on the number, type, and size of turbine
units and percent of time not operating. Estimates can
be obtained from similar operating plants or from tur-
bine manufacturers

Efficiencies. Efficiencies of generators are dependent
on design peculiarities but generally they can be
expected to average about 97 percent within the operat-
ing range of the connected turbine. Turbine efficiencies
depend on blade angle and design as well as draft tube
design and placement. Best efficiencies generally occur
at about 0.8 gate opening, at design head. Turbine effi-
ciencies drop off as the net head falls below the rated
head. Eighty-nine percent is frequently assumed for an
average turbine efficiency in preliminary studies. If a
speed increasing gear set is used to increase the rota-
tional speed of the generator over that of the turbine,
another 2 percent in efficiency is usually lost. The
various turbine designs and efficiency characteristics are
discussed in Volume V ‘“‘Electromechanical Equip-
ment’’,
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TABLE 2-1
FLOW DURATION CURVE COMPUTATION

07144200 LITTLE ARKANSAS RIVER AT VALLEY CENTER, KS

LOCATION --Lat 37°49'56", long 97°23'16", river gage is in NILNWLSWy sec.36, T.25 S., R W., Sedgwick County, Hydrologic Unit 11030012,
at downstream side of highway bridge, 0.5 mi west of Valley Center, and 17.5 mi upstream from mouth. Little Arkansas River Floodway
gage is in NEWLNELNEY sec. 24, 7 25 S, R.1 W., at downstream side of highway bridge, 1.2 mi northsest of river gage

DRAINAGE AREA.--1,327 miQ. of which about 77 m12 js probably noncontributing.

PERIOD OF RECORD.--June 1922 to September 1976.

REMARKS.--Natural flow of stream affected by diversions e¢nd g -usd-water withdi:n3l for irrigation and municipal supply. Since May

1957, part of high-water flow bypasses river gage throush flo 2 ay c¢hamal T.r wiieh teyzrate vocords are computed; figures representing

combined discharge are given herein
AVERAGE DISCHARGE .--54 years, 273 fts/s, 197,800 acre-ft/yr. SOU ree: U . S . Geo} Oqaica‘l Survev ,
Reston, VA.

DURATION TABLE OF DAILY VALUES FOR YEAR ENDING SEPTEMBER 30
DISCHARGEs IN CUBIC FEET PER SECOND

MEAN
| ARKANSAS R AT VALLEY CENTERs KS
cLass 6 1 2 3 &4 5 6 T 8 2 10 11 12 12 1a 15 16 17 13 19 20 21 22 23 26 25 26 27 28 29 30 31 32 33 3
YEAR NUMBER OF DAYS IN CLASS
1923 L 13 63 126 49 26 10 20 9 S 4 3 6 & 3 3 1 4 1 & 1 3 1
1924 S 34 33 55114 60 20 8 lo 8 3 & 2 ! 2 2 1
1925 79 54 105 103 12 6 & 1 1
1926 49 95156 32 7 3 & 5 6 1 3 1 1
1927 28 1651 49 26 25 17 B 6 7 S5 10 10 T 3 3 3 o1
1928 9 62 156 2a 32 20 11 7 & 10 8 3 6 6 1 1 1
1529 21 67T 118 46 33 20 10 7 7T 5 & % 3 6 2 & 4 2 1
1930 2 24 45102100 9 17 & & 3 5 2 1 13 1
1931 3 25 36 45175 60 8 5 11 1 1
1932 6 38 41 S1 117 38 25 12 8 4 3 4 5 6 2 & 1 1
1933 27 40 21 4 SR 111 16 & S .6 3 4 3 1 6 1 1 8 3
1936 2 24 99 65122 27 10 4 3 5 3 1
1935 7 6 64153 45 18 5 5 11 9 & 7 3 & 2 2 1 & 3 & 2 2
1936 18 21 1 31171 56 14 5 3 3 1 2 2
1937 66 105 S7 39 15 16 & 10 & 5 T T & & & & 2
1938 2169 38 26 29 19 14 10 & 8 & 6 3 11 & & & 2 1 1
1939 16 157 96 26 15 15 13 S & 5 1 3 3 3 3 3 2
1940 12131 96 38 21 17 16 18 3 2 & 3 & 2 3 1 1t
1941 1a 37 99300 26 23 17 8 9 4 T 3 1 & 3 2 2 31 1.1
1942 62 77 65 35 27 & 9 15 T 13 8 T 716 2
1963 24 24 83 76 76 26 14 17 il 10 7 4 8 40103
1944 3 80 859 34 29 31 18 lo 7 11 8 8 10 2 8 & 6 & 7 2 1
1945 26 16 63 96 52 22 1% 11 11 1z 10 7 6 & 2 2 2 1 3 1 1
1946 41 41 39 99 73 3& 13 S o 4 ) z 2 1 i
1287 24 72 78 47 26 27 17 12 14 & & 8 1 6 10 3 5 1 1 1
1948 16 61 61 46 36 28 1a i2 18 9 10 3 7T T 3 3 9 B 5 &
1949 7 65 51 % 31 2L 18 15 19 15 1o ¢ 11 10 17 2
1950 9179 67 21 1% 15 2 & 1 & & 9 3 9 5 3 s 2
1951 4 18137 23 14 13 21 17 16 15 14 12 10 11 6 T 7 8 3 & & 1
1552 6 564 32 9 23109 47 27 17 11 6 9 1 3 3 2
1953 6 20 &7 116113 20 11 10 2 & & 1 2
1954 20 58 42132 57 19 9 S5 T 2 1 1 1
1955 103031 8 99 SR &1 21 3 & 3 5 1 1 1 1 1 1 1o 2
1956 130231018 26 62120 57 12 4 5 3 3 3 1 1 1 12 1 2
1957 3 s 7 s 335 73 33 1 1 38 20 & 20 17 14 10 10 13 6 6 S V7 2 1 2 2 & & 1 1
1958 10123 28 11 19 S5 28 13 17 8 T S5 3 4 8 9 8 & 2 1
1959 6 3¢ 12 7T 110 42 29 16 14 a4 3 4 4 1 3 2 1 3
1960 1 64 a8 43 39 AT 23 17 i3 15 8 6 11 9 4 85 3 & 2 2
1961 12 110 85 48 30 20 15 10 15 3 & & & 1 1 2 2 1 1
1962 € 25 S6 89 61 32 21 18 10 3 & T 8 3 6 1 & 1 2 2 2
1563 2 9 26 48 68130 33 16 T 4 4 & 3 1 85 1 1 1
1964 8 10 39138 72 25 17 14 10 8 S 4 & 2 2 2 5 1
1965 23 12 10107 S2 29 28 15 8 1o 16 S & S 4 T 5 & 8 & 1 1 1
1966 25 30 40 66122 36 17 8 3 6 2 2 1 2 1
1967 14 84 120 14 12 11 11 8 10 9 9 10 10 6 & 10 3 9 8 2 3
1968 4 17 25 S1107 76 28 15 13 7T & 3 2 1 1 & 2 2 1 1
1569 s & 23 30 76 41 46 26 23 14 14 12 & 9 10 6 7 & S5 3 1 1
1570 7 27 18 30133 49 27 25 13 % 4 S5 2 4 1 5 1 5 i1
{1971 through 1976 omitted)

SUMMARY FOR (1923 - 1976)

CLASS  VALUE  TOTAL _ ACCUM  PERCT CLASS  VALUE  TOTAL  ACCUM  PERCT CLASS  VALUE  TOTAL  ACCUM  PERCT
0 0.00 0 19726 1000 12 10,0 2552 15490 78,5 24 1100 240 1033 5.2
1 1.00 3 19724 100,0 13 41,0 2986 12938 65.6 25 1500 197 793 L
2 1.50 o 1s721 = 100.0 14 56.0 2582 9952  50.5 26 2100 170 556 3.0
3 2.00 6 19721 10040 15 750 1710 7370 37.4 27 2800 156 426 2.1
. 2.70 37 1e715  100.0 1% 100.0 1537 8660 28,7 28 3800 o8 270 103
S .70 39 15678 99,8 17 148,0 Q13 4123 20,9 29 5100 18 172 F .8
6 5.00 s3 19635  99.8 18 190.0 556 3210 16,3 30 6900 a8 94 "
? 6.70 131 19536 99,4 15 250.0 458 2654  13.5 31 9400 20 .8 .2
8 9.10 230 19465 98,7 20 80,0 372 2196 11.1 32 13060 11 18
s 12.00 530 19235 97,5 21 360.0 319 1824 5.2 33 17009 s 7
10 17.00 1037 18705  94.8 22 620.0 258 1565 7.6 3% 23000 2 2
11 22.00 2178 17668 89.6 23 840,0 214 1247 63
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SECTION 3
CAPACITY AND ENERGY CALCULATIONS

Energy-Flow-Head Relationship

The fundamental procedure for generating electrical
energy from flowing water between different elevations
is to convert kinetic energy to electrical energy by means
of a prime mover (turbine, et al.) connected to a genera-
tor which is in-turn connected to an electrical load. The
energy, in foot pounds, is measured by the weight of the
water in pounds (equal to 62.4 Ibs/ft3) times the quan-
tity of water (Q) in cubic feet (ft3) multipiied by the
elevation difference (head) in feet (H) through which
the water drops. Mechanical power is the rate of this
energy transformation or work done in a specified time.
The usual unit of power is horsepower (550 foot-pounds
per second) and is equal to 62.4 times Q in c.f.s. times H
divided by 550.

(624 x Q x H) /550
(3-1)

Mechanical power (hp) =
- (Q x H) /881

This is the theoretical power at 100 percent efficiency.
The actual power developed on the turbine shaft is
adjusted by multiplying by the turbine efficiency (E,).
The kilowatt output of the generator is determined by
multiplying by the conversion factor from horsepower
to kilowatts (.746 hp/kW) and by the generator efficien-
cy E; thus

Electrical power (kW) = (Q X H X E;X E,) / 11.8

A major effort of the hydrologic investigations deals
with estimating the long term values and sequential
variability of the flow and developing operational cri-
teria which will lead to a determination of the corres-
ponding change in head (H). Existing project purposes
must generally be met while providing the additional
hydro—power benefits.

Reconnaissance Sizing Procedures

Reconnaissance Estimates. Simplified methods
using estimates for the variables in the power equation
presented are typically used to make estimates of
capacity and energy ai potential power sites in order to
determine the desirability of expending more time and
funds to refine thase preliminary estimates. Also, these
approximate methods are uzed to ‘‘screen’ large num-
bers of poiential sites to a more seiect group of most
likely candidates for development. Screening based on
factors other than capacity and energy is also a necessary
study step, but this section is limited to capacity and
energy aspects.

Hydrologic Studies

3-1

Duration Curve Analysis. A duration curve of the
observed, or estimated, flow characteristics at the site
should be based on daily data. A typical curve for a
stream with low base flow is shown in Figure 3-1. The
area under the curve represents the average flow. The
average daily observed runoff at this site for the period
June 1922 to September 1976 was 273 cfs. If a run-of-
river site evaluation were to be made for a dam with an
estimated net power head of 30 feet at an assumed plant
efficiency of 86 percent we could use the power formula
to estimate the site capability:

=(QXxHXE) /118
= (273 x 30 x 86)/11.8

= 597 kW

If the plant could generate continuously at this rate it
would produce 5.2 X 106 kWh of energy in a years
time. However, it is apparent from inspection of Figure
3-1 that a flow rate of 273 cfs is available about 13 per-
cent of the time and with no storage available to capture
water during these periods of above average flow, 87
percent of the time the generator would be operating at
less than name plate capacity.

Site capability

Assume that regional studies have developed. a gui-
dance rule that turbines should be designed for a flow
that will be exceeded at least 15 percent of the time.
From the flow-duration curve, a flow of 200 cfs is shown
to be exceeded 15 percent of the time. This would estab-
lish a preliminary turbine-generator selection of

(200 x 30 x .86) / 11.8 = 437 kW.

The allowable operating range of the turbine is deter-
mined by the type of turbine and its characteristics as
discussed in Volume V. If the selected turbine can only
be operated within a flow range of 30 to 110 percent of
the design flow, the lower limit of operation would be
about 60 cfs (.30 X 200). The flow duration curve indi-
cates the flow of the river is less than 60 cfs about 58
percent of the time. Also, it is likely that at extremely
high flows the tailwater will rise so high that the net
power head wili become too small for the powerplant to
function. If this should occur when discharges exceed
3,000 cfs, an additional two percent of the time or about
seven days a year on the average would be unsuitable
for power production. Therefore, about 60 percent (58
+ 2) of the time the plant would be inoperable, unless
there is available storage to regulate flows to more
favorable discharge rates. The energy potential from the
site would now be restricted to the area shown cross
hatched on the flow-duration curve (Figure 3-1). The
cross-hatched area under the curve is equivalent to 54.5
cfs flowing 100 percent of the time. Converting this flow
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Figure. 3-1. Flow duration curve.
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to average annual energy we get

Average annual energy
= (54.5 x 30 x 86 x 8760) / 11.8
= 1.044 X 106kWh

An average annual capacity factor or plant factor of 27
percent (1.044 X 106 / (437 x 8760)). Installation of
two units of 218 kW each would allow generation until
the flow fell below 30 cfs and would result in approx-
imately 200,000 kWh per year more energy and 23 per-
cent more time when at least one unit of the plant could
operate. However, the value of this additional energy
may not justify the added expense of 2 units, instead of
one unit twice the size.

A similar procedure could be used to work through
reconnaissance estimates of several assumed plant
sizes. With appropriate cost and energy value curves,
rough economic analysis could be completed. If some
pondage (storage) were available to store low flow and
release it during a shorter period each day, electrical
energy could be generated from the stored flow. For
example, a continuous flow of 60 cfs accumulates to
about 85 acre feet in 17 hours time. So, with that
amount of pondage, water could be stored for 17 hours
and used to generate at capacity during the other 7
hours each day. As the inflow dropped to 30 cfs storage
would be required for a longer period of time or genera-
tion would be at less than nameplate capacity, or some
combination of the two. There could be water quality,
environmental, recreational, and other reasons why a
store-release pattern of flow would be undesirable. If
greater amounts of storage were available in this
hypothetical problem, surplus flow could be stored dur-
ing times when flow exceeds 200 cfs and released during
periods of flow deficiencies, depending on water rights,
project purposes, and other operating constraints.

The above analysis is based on a run-of-river
situation where net power head is likely to be nearly
constant. If existing project purposes are such that this
is not true, a reconnaissance estimate would use an
estimate of average net power head. If the project were
evaluated to be economically favorable at this point,
more detailed energy evaluations would be conducted
using a sequential monthly or daily analysis.

Sequential Period of Record Routing

The miost reliable estimates of energy yield from a
given set of inflow and storage data can be obtained
from sequential analysis. The time interval chosen for
sequential analysis should be consistent with the
accuracy desired. In the case of power estimates during
feasibility studies the maximum time interval used
should not exceed one month. Feasibility estimates of
firm energy should be based on daily or weekly time
intervals during critical periods using all available infor-
mation on project purposes, diversions, seasonal
storage levels, losses, tailwater rating, and plant effi-
ciency data. If ‘““dependable capacity’’ is not a considera-
tion, a monthly analysis for the entire period of record
will usually suffice.

Hydrologic Studies

Importance of Load Pattern. If dependable capacity
is a serious consideration, the seasonal load pattern is an
important variable in determining firm power and firm
energy estimates. This is true because the project muyst
be capable of delivering its credited firm power during
the most critical drought period and coincident load pat-
tern. The importance of whether the load pattern
(curve) is synchronized with the seasonal flow pattern
can be seen in Figure 3-2. This example is taken from a
water supply demand but is illustrative of the increased
storage or decreased yield which comes from flow ver-
sus demand patterns. A project that has either the water
demand or energy demand schedule “‘out-of-sync’’ with
the inflow pattern will require a greater amount of
storage from which to draw the needed demand.
Generally, increasing storage is not an alternative in
small hydropower additions. If existing project purposes
require release patterns which are near enough to the
energy demand, or useable on the load, some dependa-
ble capacity can be credited to the project.

Typicallyload patterns fluctuate throughout the day
and are lower on Saturdays and Sundays. Figure 3-3
shows an hourly load curve for a typical week of a large
electric utility system. The peak demands on a system
vary from week to week and from month to month
throughout the year. The system related to Figure 3-3
has its highest demand in August and its average annual
demand is about 60 percent of its annual peak (annual
load factor = 60%) and monthly load factors range
from 65 to 75 percent.

Figure 3-3 shows the role played by hydroelectric
energy sources in meeting peak power demands each
day. Run-of-river plants could be used to assist in meet-
ing base load requirements. It is apparent that if a
hydroplant only generates during the hours of high
demand each day, reservoir storage (or pondage) must
be available to store water during the remainder of the
day or water will pass thru the project without producing
power. Energy generated to meet peak demands has
greater value as it would replace more expensive fuel
consuming sources as discussed in Volume II of this
guide manual. However, when used to replace non-
renewable energy sources, hydropower has considerable
value, regardless of its position in the load curve.

Seasonality of Storage Allocation. Multipurpose
projects usually allocate the total available storage to the
various purposes proportional to some cost and benefit
relationship or to achieve prescribed objectives. Often
these objectives have conflicting demands on storage,
such as when flood control storage must be evacuated as
soon as possible after an occurrence of surplus inflow,
whereas a power purpose would prefer to hold it until it
could be evacuated through the turbines. If the season
when major floods occur is a different season than when
the highest demand for energy occurs, some of the flood
control space can be seasonally assigned to power and

Vol. Il
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thus obtain a multiple-use of common storage space.
The depth of such studies is generally beyond the scope
of the small hydropower investigation.

Head Limitations. Each turbine type and design has
its own efficiency characteristics as discussed and illustr-
ated in detail in Volume V. Even reconnaissance esti-
mates of power potential at a site should account for
efficiency characteristics and an operating range limita-
tion consistent with the turbine type likely to be
installed. Operating head ranges of 60 to 120 percent of
the design or rated head are typical of the limitations
which must be kept in mind when determining the
amount of active storage which can be used for energy
generation. When performing sequential routings dur-
ing feasibility studies it is common practice to incorpor-
ate the efficiency characteristics of the turbine-genera-
tor system into the computations rather than using a
uniform efficiency at all head values.

Computational Aids. It is almost a practice of the past
to do sequential routing by hand computations and
“‘spread-sheet’” accounting, but there are several com-
putational aids that provide valuable tools for checking
computer output and assisting in making better esti-
mates than can be otherwise made. These include
curves or tables of storage-elevation-area, tailwater rat-
ing, storage-efficiency curves and storage-evaporation-
month of year tables. A typical format of an elevation-
area-storage table is illustrated in Table 3-1 and several
formats for hydropower sequential analysis are shown in
Table 3-2. Several of these can be combined to develop
the kW/cfs nomograph shown in Table 3-3 and Figure
3-4 which is almost a necessity for sequential routing by
desk top calculator.

Computer Programs

With the increasing availability of computer service
firms and reasonably priced but powerful mini com-

WEEKLY LOAD CURVE
OF A LARGE ELECTRIC UTILITY SYSTEM

CONVENTIONAL AND PUMPED STORAGE
5] HYDROELECTRIC

'CAPAcnlv

TOTAL RESERYE
CAPACATY _|

ELECTRIC
FCAPACITYH

LOAD IN 1000 MEGAWATTS

Source:

FCC P-35 Hydroelectric Power Evaluations, Federal
Power Commission (FERC) 1968

Figure 3-3. Weekly load curve of a large electric utility system.

Hydrologic Studies

3-5

Vol. HI



DaANIY N

vh o ovAey

AUV ASNE

ANy o=

vauy

LAddge e Wl ALidvavy F9vaulE = dvy

aaial ALl LT LI LRy R e Tt o

oge wid 6le glLe ple Qle Lie Lie 9L 9.2
L09¢ 7 665 1Y 16681 §2681 GonEl L9nsy OonEl eingt nuesl LGEST 0*e902
9L2 62 L2 gLé ni2 wie §12 §£.8 gLe 2Lé
625§ 1088Y niegt gpest si2el 26181 n9lgt LEYEY otigt 2yusl 0*g9ype
2Le V42 112 148 oLe 0L? 692 692 692 gy
66051 R f00¢1 wiedl INTYA 02621 fg68el 99uel tEuet 2ty 0% L9902
92 wee 192 192 992 992 992 69¢ g9e T
Gael 66 L2% FIWER! 60421 FELTAS 26921 LA 66521 eLsel 9phdl 0°990¢
H93 "o £0¢2 g9 g9 292 292 192 Ty Tye
61521 Shtr? T Lonzl Obw2t nindl weedl 29¢getl gEeet a0t §9eel 0°q90e
«::«cccxcf:c:c._«gaccasxcc«¢cf§««¢x:c;¢««c:.:r«cf«««;«««««-«c«t«t««««;::c«cac««caac
09¢ use 092 65 65¢ w6e RS gee L2 ly¢e
L5221 15221 60221 shl2t £6121 waigr  gotes 9,021 0G0ET ne0et A TYIF-
982 962 952 662 662 662 nGe nge §6e £6¢
66611 §ialt Aretlt 22611 Leatt 1ia11 CITRE 0Zult GeLtt 64Lll 0*s90¢
£62 22 258 262 Ige 162 use vge NGe 6he
Ll atily ne9tl 659911 £potl atloly £6511 96T §neTy wigtt ve*ayoe
6he bhd ane gné ghe ihe ihe 9ne 9he 9pe
£6011 wontly hwil 2425 woETl 59811 ShETL 0281 1A% 12eTt 0°Tyye
&2 ahe 6he nné e gne £na gne ehe eyé
G211 22211% L6111 £L111 ab ity petly V05T GL0TY 1T & L2071 0°0902
AR RS AR R R R Yy T Yy N LI I
6° @l L° 8¢ 6* ne g 2° 1 5 1A L334
vayy vady Vany yayy vaMy vIdy vy viuy YNy vady A314
dva dyd dvn dv davd dv3d 4y dv3 4y dvd
(3INOA)  37WvL ALTOVAYD ONv v3dy  (00832pT8) w2 xv4109 un HIOANISIM SNITI0N

ATEVI HIVIOLS-VIUV-NOILLVAITH 40 ATdINVXHE
T-€ AT4dV.L

11

Vol

3-6

Hydrologic Studies



TABLE 3-2.
TYPICAL FORMAT FOR HYDROPOWER SEQUENTIAL ANALYSIS

PROJECT NAME Computed by
Date _
FIXED DATA:
Installed Capacity ___ Representative fage
Overload Factor Data Sources
Effeciency Snillway (Elev/Stor)
Penstock Loss Top of Power Pool (Elev/Stor) -
Tailwater Elev. Bottom of Power Pool (Elev/Stor)
Yr. | Mo.| Inflow | End of Mo.| End of Mo. Net Released Water Flow Unit | Power | Energy Energy
Storage Elevation | Power Trr. ] W.Q YrFish Spill Through | Power Potential
Head. e P Turbine | {KW/ Wasted
{cfs) (Ac. Ft.) (Ft.) (Ft.) cfs cfs) (KW) | (Kih) {Kuh)
(Spill,
Fish
ladder,
-+ leakage ,
—— On a slimple analysis, columns marked [*) may be unnpcessary etc)
* * * * * *
.—_.__._.;}_._—/‘;7 - - ‘—---:-—---—-__a=rs-—"1rn—
S " { :\
~~~~~~~~~~ Lo .‘—.-m'”-bﬂ‘-‘-_w_‘—-‘/ /’J-‘»N

A more complex accounting of variables might require adding the following column headings:

T ! i
Area Evap. Poot Tail- | Plant | Diversion Total Flow Required ' Power Release
Index | Water | Effic.| From Pool Past Project Power i Shortage Case Remarks
Level | Elev, ¢
(Ac.) | (Ac. Ft.) (Ft.) (%) (cfs) (cfs) )] (KW) (Index No.)
Legend: 3

Irr. = Irrigation requirement
 W.Q. = Water quality ”
—— Fish = Fish lTadder requirements

L Eff. = Efficiency of generator and turbine

Hydrologic Studies 3-7 Vol 111



puters, it is almost easier to make a monthly sequential
analysis than to plot a duration curve and make recon-
naissance estimates. The results are more accurate and
costs are comparable. Basic input requirements of well
documented computer programs can be expanded and
upgraded to the level of precision required in later
feasibility estimates.

Utility computer programs, which can develop
detailed tabular data of elevation-storage-area relations
and tailwater and spillway rating curves, are readily

available from State and Federal water resources agen-
cies at minimal handling charges. One such source
available to both public and private sectors is the U.S.
Army Corps of Engineers, Hydrologic Engineering
Center. Abstracts of several such applicable programs
are contained in Exhibit II. A comparison of several
computer models developed by the Corps of Engineers
is contained in Table 3-4. An example of user specified
output format using HEC-5C for a run-of-river project,
where outflow is dependent on criteria other than power
demand, is illustrated in Table 3-5.

TABLE 3-3
SAMPLE KW/CFS NOMOGRAPH COMPUTATION PROCEDURE
Pool Elevation Storage(1) Net Head (2) Efficiency (3) kW/cfs (4)
(ft, m.s.1.) (wsf/1000) (ft) (%)
1131 145.2 2035 83.2 14 34
1128 136 0 1995 84.0 14.19
1124 127.3 195.5 84.6 14.01
1120 119.0 191.5 85.1 13 80
1116 111.0 187.5 85.5 13.58
1112 103.5 183.5 859 1335
1108 96.3 179.5 86.1 13.09
1104 89.5 175.5 86.3 12 83
1100 830 171.5 86.1 12.51
1096 76.9 167.5 85.9 12.19

Based on constant average tailwater at elevation 927.8 ft,
m.s! with assumed constant penstock losses of 0.7 ft.

Q)] The use of storage in week-second-feet (wsf) for this example is based upon the selection of a week
as the routing interval and week-second-feet as the flow units.

) Net head = pool elevation - penstock losses - average tailwater (Both penstock loss and average
tailwater may be varied with pool elevation if relationship known).

3) Overall station efficiency (may be assumed constant at all pool elevations)

4 kW/cfs = Head X Eff X .08474

(Source:

Storage-Yield Procedures.)

U.S. Army Corps of Engineers, HEC, 1967, Methods Systemization Manual, Reservoir

Hydrologic Studies
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TABLE 3-4

COMPARISONS OF HYDROLOGIC MODEL
CAPABILITIES IN HYDROPOWER STUDIES

HEC-5C HEC-3

a Routing Intervals Any Monthly

b Routing Methods 6 No

c System Power Yes Yes
Operation

d Yield Maximization Yes Yes

e Peaking Capability Yes Yes

f. Evaporation Yes Yes

g Power Benefits Yes Yes

h Flood Control Yes No

i. Pumped Storage Yes No

(D Basically a model used in operation

) Model used primarily for planning

SWD Southwestern Division, Corps of Engineers

NPD North Pacific Division, Corps of Enginecers

SWD

SUPER HYSSR

Daily

Puls
Yes

No

Yes
Yes
Yes
Yes

Monthly
or
2 weeks

No
Yes

Yes
Yes

NPD
HYSIS(1)

1-4

SSARR
Yes

No

Yes
SSARR
No
Limited
No

HLDPA (2)
Hourly

SSAAR

Yes
(also
thermal)

No

Yes
SSARR
No

No

Yes

SSARR  The NPD Stream Simulation and Reservoir Routing Model (storage routing and loss procedures)
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150
KW/CFS
NOMOGRAPH CONSTRUCTION OF NOMOGRAPH:
145 45— {A) PLOT COMPUTED POINTS P
F-18.3 {8) DRAW CURVE "/
140 juo—_ {C) LOCATE KW/CFS ON
3 NOMOGRAPH AS SHOWN
T—18.2 BY DASHED LINE
135 135
1.1 /
130 130— l
- E———1n.o /
x 125 125
!I‘JIJJ :.—1 9 P e i i i el it SREmay’
? w E 3. 4
w» 120 * 4120
rig a T13.8 |
(& < s |
o (-]
= 115 3 —rlib—"13. I
> = + "
= - [3]
= = I13.4 3 / l
~= 110 = 110+ + = & i
= w 3—13.5 ~
= < + éf/ |
o 1
é-' 105 S —105——13. & i
o Q
oc » nin ~ |
S -+—13. 2
v 100 100— : i
+-13.2 ,/7 ’
F-13.1
95 951 / |
T—13.00 |
T—12.9 l
90 90—
T12.8 l
:_—12.7 l
85 85':5—12. |
T—12.5 I
80 80— 12-4
I12.3 }(/ |
75 75— :
Note: Storage units can be in any 12.0 13.0 13.0 15.4
convenient units (acre-feet, KW/CFS
c¢fs-months, cfs-days . . .
depending on flow units and Source: Reservoir Storage-Yield
time interval. Procedures, HEC, 1967.

Figure 3-4. KW/CFS nomograph.
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TABLE 3-5.
EXAMPLE OF USER SPECIFIED FORMAT USING HEC-5C

ROLLINS RES, BFAR RIVER CA EXTSTING PROJECT ARKR 1979
SEGQUENTIAL RAUTING MONTHLY TAILWATER=19%4,3 INST CAPS1300U0KRY
USING GENERATOR=TUKRINE DATA FROHW TURON ENGR INDC, 5P, CrEST=Z2171,
ROLLTNS ROLLINS RULLINS ROLLINS KULLINS WULLINS KULLING
PER DY MO ¥R Nu INFL 1w nUTFLOW EfIP STOR LEVEL EL/7STAGE ENERGY b FEAR [aF
1 0 10 64 293,2¢ 293,20 H66000,00 3,00 2171 .00 29940,52 13433,77
2 0 11 64 ¢ 371,5¢ 371,50 AH000,00 3,00 2171600 A418Y,u42 13453,77
3T 012 A4 1 1079,7¢ 1161,00 £1000,98 2492 216790 Ypdegul 12896%9,18
4 0 1 65 1 1303 ,9¢ 1825,00 59703,58 2.89 2163.94 9394,12 1£9712,72
5 0 263 1 B36 5C 1282,00 34406 ,08 2,47 2149,00 715385,09 14919,26
& 0 3 865 767.5C 356,00 5978 ,54 2,89 214%,01 $760/,06 1691%9,597
7 0 4 &5 1114,00 993,00 he908,64 3,12 dinTlebb Y317 409 12941 ,P4
A 0 5 &% BA9,0C 698,00 6635524 4,05 217179 d1d48,07 13997 .84
9 0 6 &% 1 bud 3¢ 551,00 65956 ,986 3,00 171,19 343,04 14404 ,74
10 a0 7 65 600,0C 600,00 53956 ,56 3,00 217095 8950171 13den,e
11 0 8 65 1 RR _CC 307,60 52453 .69 2.77 P1a2.43 5499 ,%3 1eled,78
12 0 9 65 1 74,50 282,90 40052 ,84 2,56 fl14%.78 2al/f 459 TURES 3%
12 0 10 &5 1 75,4¢C 216,90 3135%2,22 2ot 2125659 2uSn, 43 EEFTETS
14 0 11 65 1 602 ,6C 400,90 43354,38 A Y- P128,72 ST4lg¢6 959%,77
15 0 12 65 1 a55,7c 481,60 66357 ,23 3,05 2lak.48 9370,.37 11867 ,h3
i6 0 1 66 1 816 ,0C A1k, 00 653%7 ,23 3,05 a171,43 9510,14 18963,97
17 0 2 66 1 536 8¢ 544,00 68957, 3% 3,00 2171619 8727 ¢nhk 14404 50
18 0 2 64 1 rRp4 10 796,00 hed8S 41 3,06 2171425 92749,68 18474,09
19 0 4 66 1 970,0¢ 970,00 66455 ,41 3,06 A171.54 4736,58 13%22,15
20 0 5 &6 1 5T4,1C 992,00 65354 ,77 2099 217088 B9 ,aH8 13419,82
21 0 & &6 1 269,1¢C 354,80 6289 ,19 2450 2inl .04 349%6, 58 12b/A, a7
22 0 7 66 1 33,00 336,00 662359,19 2,90 £2163.81 3530439 1€960,b4
23 0 B Ah 1 470 ,.9¢ 460,70 60857 ,78 2.91 fled,21 LY. 18598 ,20
24 0 9 66 1 377,8¢ 443,30 56960,20 2,85 2162.0% ABTe,22 123892,684
25 0 10 66 1 559,60 548,20 57661,17 2,86 2159.98 B169,/1 12193,6¢
26 0 1t 66 1 672 ,2C 526,00 66360 ,80 3,0% 2166405 LEVEWS X 12779,50

ANNUAL SLnMAKY

ROLLINS ROLLINS ROLLING RULLINS ROLLINS wKULL InNS

YEAR TNF L[ AUTFLNwW ECP STUK FEOF S5TCR £EnP STOR ENERGY G
AVG AVG AV Max “mIN Su

65 693,51 732,60 58708 9% 66908 hd 34406 ,02 I5ulb,8%

6h 557,34 534,3% 59164, 36 66459,41 31392,2¢2 10eeb,1”

67 82,45 939 b 65567 ,58 alael 44 S7661,17 1u7102,27

658 593,60 619,04 59030,10 6h4T 3 nh 43372 ,04 (9389,27.

69 1061410 149,58 65%549,7¢ 6hY7 4,89 39681.,16 1014351,36

70 914,84 927,67 A3076,3¢ 66884 8% 50769,33 4708j.7¢

71 943,17 93% 28 65398 70 670%90,33 54790,25 1105¢2.39

72 -T2 €58 1§ 61904 ,92 6ba79), 348 50494 .98 ob002,49)

73 895,17 909,00 64B870,94q bhBHAn 23 49089 ,27 1udgSs,ad

74 1191 ,3% 1164 687 62902,29 A7393,01 39597 ,85 1094b/7 .31

75 752,41 742,68 SATTN, 2R hb65H,01 37495,52 68739,44

76 406,62 437,47 46995, 30 66699,22 23092,54 SeeTy,07

77 111,9: 135,91 B939 4K 13385 28 4950 ,57 1755,50
SUM = 696,41 9784 35 738938,51 B816099,55 S$37341,51 1090321.50
MAX = 1151,3%48 1144 07 65967 , 98 6Tdé],44 596n1,16 110562, 59
MIN = 111,9¢ 139,91 x99 48 15385 ,28 4959 ,97 7735,50
MPERS 74,00 74,00 67,00 k7,00 69,10 71,00
AVG = 745,134 752 .64 SnBI0.65 el Te 89 41337 ,04 83aTl,09
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SECTION 4
SPILLWAY ADEQUACY

Introduction

The determination of spillway adequacy is an essential
aspect of studies involving the addition of hydropower
units to an existing structure. A spillway acts as a safety
valve to protect a dam from being overtopped, an occur-
rence which, especially in the case of an earthfill or
rockfill dam, can have catastrophic consequences. Only
a cursory inspection and evaluation are warranted until
a reconnaissance estimate of hydro-electric energy
resources indicates favorable economics and further
study. A long history of trouble-free operation is not a
certain indication of a safe spillway design. Spillway ade-
quacy is a function of spillway capacity, storage capacity
of the reservoir, physical condition and reservoir opera-
tion procedures. If operation for hydropower requires
that a reservoir be kept at higher levels than intended by
the original design, a presently adequate spillway may
become inadequate. Also, the addition of power
facilities at the toe of a dam will, in some cases, require
that a spillway be relocated so that it does not discharge
in the vicinity of the powerhouse.

Two main topics are addressed in this Section. The
first deals with hydraulic characteristics of outlet struc-
tures, and the second pertains to criteria for spillway
adequacy and techniques for calculating the Spillway
Design Flood.

The overall strategy for evaluating spillway adequacy
is outlined below:

Reconnaissance

® Determine if a State or Federal safety report is
available.

® Determine spillway crest type.

® Obtain physical dimensions, number of piers, and
type of abutments; and relative crest elevation and top
of dam elevation.

® FEstimate discharge coefficients from experience or
appropriate references.

® Determine evaluation criteria for size and hazard
classification (Table 4-3).

® FEstimate spillway design discharge from regional
envelope curves, if data are available.

® FEstimate maximum water surface and remaining
freeboard or depth of probable overtopping.

Feasibility

® Same as reconnaissance but with greater accuracy.
@ Determine spillway design flood hydrograph from

probable maximum precipitation and watershed runoff

model.
& Route hydrograph through reservoir surcharge
storage and spillway.

Hydrologic Studies

® Determine freeboard adequacy or required
modifications.

e [Evaluate location adequacy of stilling basin relative
to power plant site.

Hydraulic Characteristics of Spillways

A spillway is a hydraulic passageway designed to con-
duct flood flows safely past a dam. Some dams are
designed with two spillways - a service spillway to dis-
charge floods likely to occur fairly frequently, and an
auxiliary or an emergency spillway to handle larger,
infrequent flows. The latter type of spillway is frequently
constructed with unpaved channels; hence, mainte-
nance costs associated with erosion of the structure, and
possibly with downstream deposition, may be incurred
following periods of operation.

The configuration of a spillway is tailored to a particu-
lar dam site and is dependent on the type of dam and
intended operation and on the economic tradeoff bet-
ween spillway capacity and dam height. Types of spill-
way are overflow, chute, shaft, side-channel, and
siphon.

Overflow. An overflow spillway is a portion of a dam
designed for water to pass over. Many overflow spill-
ways are designed with a shape that closely approxi-
mates the shape of the lower nappe of flow over a sharp-
crested weir, because a profile of this shape produces
near-maximum discharge efficiency at the design head.
The curved shape of the nappe is found to be a function
of the head on the weir, the slope of the front side of the
weir, and the velocity of approach. Consequently these
three characteristics affect the magnitude of discharge
coefficients for various weir shapes and heads.

Chute. A chute spillway is basically an open channel
designed to convey water from a control section to the
downstream river channel. Chute spillways are com-
monly used with earthfill dams. Flow down steep chutes
is rapid and unstable, and a chute must be carefully
designed for safe and proper operation. Chutes may be
constructed along the abutment of a dam, down the face
of a dam, or down a saddle at some distance from the
dam.

Shaft. A shaft spillway typically consists of a vertical
shaft which makes a 90-degree bend into a horizontal
tunnel that passes through or under a dam or abutment.
This type of spillway is often used where space or site
conditions preclude the use of other types of spillway.
Because the inlet for a shaft spillway is often a funnel-
shaped overflow crest, the name ‘‘morning glory’’ is
commonly applied to a shaft spillway. Under low heads,
the overflow crest will act as a control. However, as the
head increases, control will shift to the spillway
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“throat’’, and finally full pipe flow will occur. Under full
pipe flow conditions, discharge will vary in proportion to
the square-root of the head, in which case these is litile
increase in capacity with increasing head. Vortex forma-
tion at the intake, surging in the vertical shaft, and ero-
sion of concrete in the vicinity of the vertical eibow are
problems associated with shaft spiilways.

Side-Char el A side-channel spillway is one in
which water enters a channel by passing over an over-
flow crest that parallels the channel. Side channel spill-
ways are sometimes used in narrow canyons where
there is insufficient width for a suitable crest length for
an overflow or chute spillway.

Siphon. A siphon spiiiway is sometimes used where it
is desirable to develop full discharge capacity quickly,
for example in the event of a turbine shut-down. Siphon
spillways are capable of providing automatic 1eguiation
of reservoir levels within fairly narrow limits. However,
the siphon spillway, like the shaft spillway, cannot han-
dle flows much greater than the design flow, because
under high flow conditions discharge is proportional to
the square-root of the head. inability to pass ice and
debris, and potential for surging aie also disadvantages
of the siphon spillway.

Although from the operational viewpoint an
uncontrolled spillway is often desirable, there are many
situations where the advantages of having a gated spill-
way outweigh the disadvantages. (vates are used when
sufficient crest length for an uncontrolled spillway can-
not be developed or when sufficient head cannot be
developed for the required discharge capacity. Gates are
also used where it is necessary to initiate spillway
releases when the reservoir is below the normal full pool
elevation. Numerous gate types are in usc, including
rectangular lift gates, roller gates, radial gates, and drum
gates. In some instances flashboards or stoplogs may be
utilized. For informatior on the hydraulics of gated
spillways, the reader is referred to Hydraulic Design of
Spillways (U.S. Army Corps of Engineers, 1965), Design
of Small Dams (USBR, 1977), and Handbook of Applied
Hydraulics (Davis and Sorenson, 1969).

Discharge Over an Ogee Spillway Crest

Overflow spillways behave as weirs and, therefore. if
the spillway is not submerged the flow will pass through
critical depth over the crest. One of the most common
crest shapes is the ‘‘ogee’’. The discharge over an
uncontrolled ogee crest is given by ihe following equa-
tion:

= (XL XHS? 4-1)
dischaige

= variable discharge coefficient

= effective crest length

where

il eYere
I

total head on the crest, including
velocity of approach head, h,

=
I
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The discharge coefficient, C, is influenced by the follow-
ing factors: (1) the depth of approach, (2) relation of
crest snape io ‘‘ideal” nappe shape, (3) slope of
upstream weir face, (4) downstream apron interference,
and (5) submergence if it occurs downstream. Where
the design of the approach channel results in appreciable
additional losses, they must be added to He to deter-
mine reservoir elevations that correspond to discharges
determined with equation (4-1).

As the approach depth of the flow to a weir decreases
the approach velocity increases, thus affecting the dis-
charge coefficient. The discharge coefficient for a verti-
cal-faced ogee crest ranges between 3.8 and 3.9 for
values of P/H, ranging from .5 to 3.0, where P is the
weir height and H, is the design head for the spiliway
(USBR, 1977). The discharge coefficient will also vary
for heads other than the design head. The ratio of dis-
charge coefficient to design-head discharge coefficient
varies from 0.85 to 1.07 as the ratio of head to design
head varies from 0.2 to 1.6 {USBR, 1977). The reader is
referred to Design of Small Dams (USBR, 1977),
Hydraulic Design of Spillways (U.S. Army Corps of
Engineers, 1965)., and Hydraulic Design Criteria Chart
111-3/5 WES 2-72 (G S. Aimy Corps of Engineers,
1968), for relationships for discharge coefficients,
including adjustments for downstream apron inter-
ference and downstieam submergence.

Piers and abutments cause side contraction of the
overflow and therefore decrease the effective crest
length of a spillway. These effects may account for a
reduction of 1 to S percent, depending on pisr and abut-
ment types and spacing. The references sited above
should be consulted for details.

Sources of Criteria for Determining Spillway Dis-
charge Characteristics

The previous paragraphs briefly reference criteria that
are applicable for estimating discharge characteristics for
an ogee spillway crest. Detailed criteria for ogee crests
and for the other spillway iypes mentioned previously
may be found in a number of technical publications.
Some of these are Design of Small Dams (USBR, 1977),
Handbook of Appiied Hydraulics (Davis and Sorenson,
1969 Handhook of Hydraulics (King and Brater, 1963),
Hydraulic Design of Spillways (U.S. Army Corps of
Engineers, 1965), and Hydraulic Design Criteria (U.S.
Army Corps of Engineers, 1968). Computer programs
are available as an aid to determining spillway ratings.
Exhibit II, program 7 is one such program available
through U.S. Army Corps of Engineers, Hydrologic
Engineering Center, 609 Second Street, Davis, Califor-
nia 95616.

Although many past physical model studies provide a
good insight to the range of values for coefficients and
transition losses, large investment costs in major spill-
way and stilling basin modifications can justify con-
sideration of site specific physical model studies.
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Hydraulic Characteristics of Conduits and Outlet
Works

Outlet works are a means of controlling the reiease of
water from a reservoir. They are used to contirol
downstream flows for a variety of purposes, such as
irrigation, water supply, recreation, fisheries, and watet
quality control. Qutlet works may be used during flood
control regulation to augment spillway discharges or to
evacute storage in anticipation of a flood event. They
are also used to empty an impoundment for inspection
and repair,

Definition of the discharge characteristics fcr oatlet
works typically involves both open channel and pressure
flow computations. For the situation where free flow
occurs over the crest at the outlet works, the weir {low
equation, equation 4-1, is applicable. When open chan-
nel outlet flows are controlled by partly opened surface
gates or radial gates, or sluice flows are controlled by
partly opened surface gates or radial gates, sluice flow
will result. Discharge for sluice flow may be calculated
with the equation:

Q = 2/3Xy/2XgXxCXxL X (H{32-H,32)
where Q = discharge {(4-2)
g = gravitational acceleration
C = discharge coefficient
L = width of gate
H; = total head to overflow crest
H, = total head to bottom of gate

The discharge coefficient in equation 4-2 will vary with
gate type and as a function of flow condiiions upstream
and downstream of the gate. Typicaliy “*C’’ ranges from
65 to .85.

For the case where the control opening is either partly
or entirely submerged, discharges are calculated with
submerged orifice or tube flow relations such as:

CX AXVY2XgXxXH

= _discharge

area of opening

gravitational acceleration

= (difference befween the upstream
and downstream -wvater ievels
discharge coeificient for
submerged orifice or tube flow

where

e >R0L0
I

@
I

Coefficients for various conditions and orifice con-

figurations are found in Desigrn of Small Dams (USBR,
1977), and Hydraulic Design ¢f Reseivoir Qutlet Struc-
tures (U.S. Army Coips of Enginecrs, 1963).

Discharge through an outlet conduit that is flowing
full may be determined by application of the Bernonilli
equation and estimation of loss coefficients for the
various components of loss, which may include
trashrack, entrance, bend, expansion, contraction, gate,
and exit losses in additiorn to fricticn losses. Friction
losses are commonly estimated with the Darcy-
Weisbach formula. Loss coefficients and friction factors
are provided in numerous textbooks and publications
which deal with pipe flow. See, for example, Hydraulic
Design of Reservoir Outlet Structures (U.S. Army Corps
of Engineers, 1963), ov Handbook of FHydraulics (King
and Brater, 1963). The former publication contains a
detailed example computation of the discharge rating
curve for outlet works.

Spillway Design Floods

The determination of a standard against which to base
judgment on the spillway adequacy is not a clear cut
decision upon which the engineering profession has
fully agreed. State and Federal agencies have varying
standards and an owner of any dam of sufficient height
and storage to come within tne approval requirements
of the State within which it is located, must obtain
approval from the appropriate Siate agency. In addition,
Federal licensing agency (Federal Energy Regulatory
Commission) review and approval are required for
those structures asscciated with hydropower installa-
tions. The mere fact that the dam has operated ‘safe
and sound” for a significant period of time does not in
itself assure an adequate hydrologic design.

Inspection Standards. The occurrence of dam
faiiures during the past ten years resulted in the passage
of Public Law 92-367, 92nd Congress, House Resolu-
tion 15951, 8 August 1972, wherein the Secretary of the
Army, acting through the Chief of Engineers, Corps of
Engineers, was directed to carry out a national program
of inspection of dams. Appendix D of the Secretary’s
report to the Congress, ‘‘National Program of Inspec-
tion of Dams’’, 1975, contains recommended guidelines
for inspection of existing dams. The guidelines are not
intended as appropriate standards for the design of new
facilities. However, the guidelines provide a satisfactory
basis for evaluating existing projects for a reasonable
degree of safety under existing conditions. The follow-
ing three tables have been copied from the above
reference.

Hydrologic Studies
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Category

Small
Intermediate
Large

Category

Low

Significant

High

Hazard

Low

Significant

High

TABLE 4-1
SIZE CLASSIFICATION

Impoundment
Storage (Ac-Ft)

Height (Ft)

2 50 and < 1000 2 25 and < 40
21000 and < 50,000 2 40 and < 100
250,000 2100

TABLE 4-2

HAZARD POTENTIAL CLASSIFICATION

Loss of Life
(Extent of Development)

Nonexpected (no per-
manent structures for
human habitation)

Few (no urban develop-

ments and no more than
a small number of inhab-
itable structures)

More than few

Economic Loss
(Extent of Development)

Minimal (Undeveloped to
occasional structures

or agriculture)
Appreciable (Notable
agriculture, industry

or structures)

Excessive (Extensive community,
industry or agriculture )

TABLE 4-3

HYDROLOGIC EVALUATION GUIDELINES
RECOMMENDED SPILLWAY DESIGN FLOODS

Size Spillway Design Flood (SDF)
Small 50 to 100-yr freq
Intermediate 100-yr to 1/2 PMF!

Large 1/2 PMF to PMF

Small 100-yr to 1/2 PMF
Intermediate 1/2 PMF to PMF

Large PMF

Small 1/2 PMP to PMF
Intermediate PMF

Large PME

1/ PMF = (probable maximum flood); this represents the flood that may be expected from the most severe
combination of meteorologic and hydrologic conditions that are considered to be reasonably possible
in the geographical region encompassing the basin under study.

Hydrologic Studies
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Design Standards. Whenever overtopping and
failure of a dam could cause significant increases in
downstream flow and stage, there may be hazards to life
and property. Therefore, reservoir projects modified to
include hydropower facilities must also provide reasona-
ble security against flood flows. If inspection and evalua-
tion of the project reveals that the spillway capacity is
deficient, according to the Corps of Engineers ‘‘Recom-
mended Guidelines”, plans for improvements to the
project spillway capacity must be included with the pro-
posed powerplant design. Because of the potential for
future development downstream from hydropower pro-
jects, all projects that could significantly increase
downstream flooding hazards should be designed to
safely pass at least one half of the probable maximum
flood (PMF) hydrograph. When potential hazard to life
is a major consideration, FERC may require the project
to safely pass the full PMF hydrograph.

Indirect PMF Estimates. Many smalil dams which
will be the likely sites for small hydro development will
have had recent State or Federal safety inspections as a
result of PL 92-367. These reports may have developed
PMF estimates which are available. An approximation
of the magnitude of PMF inflow can be obtained by
means of an envelope curve of drainage area versus
PMF discharges at other Federal and FERC licensed
public and private sites in the same general region.

A source of PMF data at existing dams is contained in
the Nuclear Regulatory Commission’s (NRC)
Regulatory Guide 1.59, August 1977. Envelope curves
for the eastern region of the U.S. were developed by
Nunn, Snyder, and Associates for the NRC and are pre-
sented in R.G. 1.59 referenced above. These figures are
reproduced herein in Figure 4-1 through 4-6 for easy
reference. These estimates are intentionally high, but, if
a spillway at a site in the region of the map coverage is
able to safely pass this discharge, further detailed esti-
mates can probably be delayed until final design studies
are warranted.

Probable Maximum Precipitation (PMP)

Well defined procedures have been developed for
obtaining PMP estimates for the eastern part of the
United States. Various Hydrometeorological Reports
have been prepared by the Department of Commerce,
National Oceanic and Atmospheric Administration,
Office of Hydrology. These reports, listed in the
reference section of this volame, address specific large
river basins and regions of the country. The most recent
version of PMP derivation for basins east of 105th meri-
dian is contained in (HR 51, 1978). These repoits are
available from the Superintendent of Documents,
Washington, D.C. HR 51 is applicable to river basins 10
to 20,000 square miles in size and for storm durations 6
to 72 hours. There are 30 figures which are used to
obtain storm depths for a range of durations and sizes.
An example of the use of these PMP charts from HR 51
follows:

Hydrologic Studies

1. Determine the geographic location and size of the
drainage areas under study.

2. From the PMP maps, tabulate the average PMP
depths for the basin location. Generally 3 or 4
areal sizes bracketing the size of the study basin
are adequate. Tabulate depths for each duration 6,
12, 24, 48, and 72 hours.

3. Plot the PMP depths on semilog paper (depth
versus area) and draw smooth curves through the
plotted points

4. From the depth-area-duration graph of step 3,
determine the PMP depths at the basin size for
each duration.

5. Plot these values on cartesian grid or semilog grid
and interpolate for intermediate durations, if
required.

Example PMP. Compute PMP values for a 1,200
square mile basin located in central Arkansas, Latitude
35° N, Longitude 93° W. From maps like Figure 4-7, we
obtain the following values.

(A) B (© (D) (B
Duration (hr} 6 12 24 48 72

200 sq. mi

Depth (in) 220 268 305 340 368
1,000 sq. mi

Depth 163 208 250 285 303
5,000 sq. mi.

Depth 95 135 170 2i.b 237

These values are plotted in Figure 4-8, and the adopted
1,200 square mile depth-duration curve is constructed
as curve F extrapolated to 3 hours. Values at 3 or 6-hour
intervals can be taken from curve F.

PMP West of 165th Meridian. Estimates for basins
west of 105 degrees longitude are complicated by the
strong influence of the high mountain ranges. The loss
of moisture on the windward sides of the ranges and the
desiccating effect of the subsidence of the air mass on
the leeward side of the range are examples of this in-
fluence

Both general and local type storm genesis are charac-
teristic of the west. The general storms have two compo-
nents that cause air mass lifting and consequent pre-
cipitation. These are orographic and convergence. These
two components are considered separately and then
combined to develop the storm total precipitation.

Orographic precipitation is defined as that which
results from the lifting effect of a topographic feature on
a flow of air passing over it. The induced  vertical
motions in the flow are primarily due to the ground
slope, but may also be related to the narrowing of the
terrain, such as a constricted valley {e.g., northern
Sacramento Valley). Orographic precipitation includes
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